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MoTHS  OF  Hairy  Caterpillars. 


KAIRV  r.VTKKini.LAi;  PKSTS  OK  CIlol'S. 

P.v   ir.    MVX'WKI.L-LRFROV,   m.\,   k./.s..   k.k.s., 
Iinpn'ial   EiilO))ioloyi/<(,   AtjriiaJtarnl    /i'-iiearch    Insi'fni.      I'.,.., 

Amonust  tlu'  many  injurious  insects  in  India,  diu'  small  ;4ioup  :nav  elfailv 
be  ilistinornislied  both  in  appearance,  habits  and  destructive  ct^'ccts  upon  crops. 
These  insects  are  familiar  to  cultivators  in  their  immature  Init  destrnctive  sta;^c 
when,  as  hairy  caterpillars,  they  appear  in  vast  swarms  and  ravajjo  whatcvor 
green  ci'ops  may  be  on  the  orronnd.  These  swarms  ot'  caterpillars  arc  a  vcrv 
distinct  feature  in  some  tracts,  appearing  at  definite  seasons,  lasting  for  short 
periods  onlv,  and  re-appearing  after  some  weeks'  interval.  So  much  the 
enltivator  sees  and  knows,  but  this  caterpillar  stage  is  the  only  one  of 
the  insect's  life  familiar  to  him.  When  the  caterpillars  have  eaten  their  fdl 
of  the  crops,  they  disappear  naturally,  hut  unfortunately  they  are  not.  as  wouM 
appear,  dead  or  devoured  by  birds.  They  re-appear  in  their  final  stage  of  lile 
as  moths.  In  this  statre  thev  are  not  generallv  familiar,  certainlv  not  to  the 
cultivator  and  perhaps  onlv  to  the  few  who  may  happen  to  know  something  of 
the  natural  history  of  the  inseet.  Yet  as  moths,  they  arc  very  ea-ily  ami 
<listinctly  recognisable,  and  their  appearance  in  the  Held  or  at  a  lamji  t)y  night 
i-i  a  valuable  indication  of  the  probable  occurrence  of  the  pest  in  its  destructive 
form    luring  the  followini:  few  weeks. 

The  life  of  the  in-^ect  iVcm  sta<re  to  stage  is  best  illustrated  l>v  the  entries 
on  the  cage  slip  of  tli<-  Tu-^a  Insectary  referring  to  the  "  Orange  Sann  Moth" 
(Plate    XV.   l''ig~.  I  and  2).      Tlie  entry  is  a-  follows  :  — 

4tli   Aiij^nst  :       Kir;4>  I'li'J    ''V  moth    on   the  loaves  of  hhuii    liciiip   (Crotalaria 

jnncea),  in  a  lut'eflinj;  i.af;e. 
Sth  August  ;        Efrv's  hatched. 

Caterpillar         2     nnn      (,'i  in.)  loni,'. 
ITtli         ,.  „  7     mm.     (,     in-)  lon^. 

21.«t  ..  .,  H;     mm.     {i     in.)  loilR. 

24th  ..  .,  25     mm.     d      i<.  1  I"ii^' 

2.")th  Pupation  conintfnc«'d. 

31.-*t  .Mutlis  emerged. 

1.'. 
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6th  September  :  Moths  laid  eggs. 
8th  „  Eggs  hatched. 

lOtli        „  Caterpillars  full  grown. 

21st         „  Pupation  commenced. 

28th        „  Moths  emerged. 

Here  we  huve  two  complete  life  cycles  in  less  than  two  months.  At 
two  perio«l?,  about  August  21st  and  September  17th,  the  cultivator  would  see 
caterpillars  eating  his  crop,  and  again  at  two  other  periods,  August  4th — 8th 
and  September  1st — 6th,  he  would  perhaps  see  moths;  if  he  connected  the  tw^o 
occurrence.*,  he  would,  on  seeing  the  moths,  anticipate  the  next  brood  of  cater- 
pillars and  be  ready  to  destroy  them. 

It  is  this  aspect  of  prevention  that  I  wish  to  bring  forward,  the  recogni- 
tion of  some  of  our  commoner  insects  in  the  perfect  condition,  that  is,  as 
moths  when  they  are  about  to  lay  eggs.  This  group  (hairy  caterpillars)  is 
the  best  example  of  the  value  of  recognising  the  perfect  insect  as  an  in- 
dication of  approaching  pests,  because  the  moths  are  extremely  characteristic 
in  appearance  and  are  found  either  tlying  in  the  fields  by  day  or  round  lights 

at  night. 

An  instance  also  of  the  value  of  this  means  of  anticipating  pests  may 
be  o-iven  in  the  method  adopted  of  checking  the  Behar  hairy  caterpillar. 
Durino-  1904,  this  caterpillar  ravaged  certain  crops  on  the  Pusa  Experimental 
Farm  which  was  then  being  brought  into  cultivation  ;  appearing  in  great 
numbers,  they  devoured  certain  favourite  crops  and  at  several  periods  were 
a  serious  menace  to  part  of  the  cultivation.  All  that  could  be  done  at 
that  time  was  to  rear  the  caterpillars  to  moths  and  determine  their  identity. 
In  the  following  year  the  first  moths  were  seen  in  March  ;  a  search  for  them 
was  made  in  the  crops,  and  their  eggs  were  first  found  and  destroyed  about 
the  20th  of  that  month.  They  re-appeared  in  iMay,  were  again  searched 
for  on  crops  and  many  eggs  found  and  destroyed.  The  next  brood 
was  expected  on  June  the  22nd  but  did  not  appear  ;  no  caterpillars  were 
found,  and  the  absence  of  the  brood  was  attributed  to  the  unusual 
lateness  of  the  rains.  The  rains  finally  broke  about  .July  the  22nd,  when 
moths  were  again  seen  ;  their  eggs  were  collected  in  the  fields  from  July 
the  26th  to  August  the  1st,  Another  and  final  brood  was  seen  on  Sep- 
tember the  11th,  and  a  small  number  of  eggs  was  discovered  and  destroyed. 
Throughout  the  season  nothing  else  was  done.  When  the  moths  were  seen  at 
lights  or  sitting  on  walls,  a  watch  was  kept  for  eggs  laid  in  the  fields,  and 
when  these  were  discovered,  both  the  eggs  and  young  caterpillars  were  destroy- 
ed. A  common  labiate  weed,  as  well  as  the  sann  hemp,  til  (sesamum),  sun- 
flower and  groundnut  crops,  were  examined  for  eggs.     At  a   very  small  cost 
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■for  lubuur  iiiul  .supervision,  ilic  lunii  was  ivi'pt  clear  ot  an  iiijiuious  pesi  ihat 
wouKl  otborwisc  li:i\(>  doii'-  ^ifat  harm,  or  Ufcfs^itati'd  laliorious  spravin;; 
oj»erations. 

rbis  case  was  an  t'.XLfjiHoiially  valuable  on«',  a>  iln-  1muu<Is  ri'-a|'j'<  Mr<-il 
several  times  ami  tbe  value  of  tbi'  metbol  was  ionelu>ivoly  s-bown.  In  utber 
s|)eeies  there  are  fewer  l)r(»oiis,  and  an  outbreak  mav  l»e  antiri|»at<Ml  i»iilv  twiee 
durinjn  the  rains.  Tbeiv  is  al-o  the  fintb<'r  (MM^idcration  that,  if  the  lirst 
batches  of  etf>^s  are  secured,  the  [M-it  has  not  lime  to  lirecd  *ev«'ral  iim«*^  iti 
succession,  and  become  very  numerous  duiinj^  that  year. 

In  almost,  all  cases  of  laro>;  eater|iillar  outl»reak<.  the  tact  that  ibe  moths 
are  seen  l)eforehand  is  a  valual)Ie  indication.  l)ut  it  is  naturally  impossible  for 
the  untrained  mind  to  recognise  more  than  a  few  verv  characteristic  insects. 
It  is  for  this  reason  that  I  ri*;ure  the  moths  of  these  hairy  caterpillars,  which 
are  most  characteristic,  which  usually  attack  ilelinite  crops,  and  which  appear 
near  lights  or  in  the  iielils  at  fairlv  re«ridar  se;i>oii<.  The  essential  and  \ital 
fact  is  to  foresee  the  attack  of  <,aterp:IIars,  if  possible,  ami  to  «lestn)y  iIk*  ejjws 
or  youniJ  caterpillars  before  the  latter  are  lar<;e  enou;ih  to  wander.  Kor  this 
reason  the  recoi^nition  of  the  moths  of  the>;e  caterpillar-  i>  of  ;;re:ii  import- 
ance, lor  there  is  no  other  easy  metlnjd  by  which  such  swarm-  can  be  success- 
•tully  checked.  The  moths  of  the  common  species  are  ti;^ured  in  Plati-  W, 
and  the  representations  ii,ive  so  accurate  an  idea  of  the  insects  that  there 
should  be  little  ditficultv  in  id.'iitifvine  tliem. 

The  •'  Orange  »Sann  IMotlf'  *  (b'igs.  I  and  2)  lays  its  eggs  on  -aun  h'-nip 
and  wild  Crotalar/'a.  It  is  common  in  the  plains,  widely  scattered,  and  attack-* 
this  crop  during  the  rain-.  De[)ending  on  the  supply  of  food,  there  niay  l)e 
five  broods  in  the  year,  buf  there  are  usually  about  three.  'J'lie  niotii  i-<  likely 
to  be  seen  at  any  time  in  the  rains  :  it  is  not  attracted  to  ligbt-^,  !> 
very  easily  discovered  in  the  fields,  as  it  flutters  about  among  the  .sinn 
hemp  plants.  The  eggs  and  voung  caterpillars  are  found  in  clu>ters  o»  the 
leaves  and  should  be  picked  off  and  burnt. 

The  "Crimson  JSann  Moth't  (I'l^J*-  -^  =""'  0  i'  :»  rarer  insect,  but 
behaves  similarly  to  the  (Jrange  species  and  has  been  foimd  to  be  e<|Ually 
<lestructive  when  abundani.  The  ■•  Ued  Spoitetl  Krmiiie  .Moth'*J  l^'igJ?- 
5  and  t))  is  another  very  tlistinct  species  connnon  in  the  plains,  also  altackiug 
sann  hemp.  It  flutters  about  in  the  daytime  and  the  mothj*  ure  reudily 
seen  and  recognised.  Like  the  Orange  Sann  Moth,  its  egg-s  or  caterpillars 
should   be  looked  for  wb-n  tb.-  nioib-  :ir.-  -•'•u  in  ib'-  Held-.      Tbe  "  I  haerisiu 


•  Ar.jina  rrihriitia.  CI.  f  Argina  *!/riHgu.  K  nut. 

*    UtithriM  piilchrlUi.  LilUl. 
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Moth"*  (Figs,  7  and  8)  is  comnion  in  Beliar.  C)u(lh  and  in  some  localities 
near  the  hills,  and  is  possibly  a  hill  species  that  spreads  into  the  neighbourino; 
plains.  It  is  very  abundant  in  Behar.  attacking  sunflower  and  leguminous- 
plants,  and  also  ravaging  cotton  and  various  crops  if  other  food  fails.  The- 
moth  is  attracted  to  lights  or  mav  be  seen  sitting  on  walls,  and  in  favourable 
years  there  may  be  as  many  as  six  broods  in  the  year. 

The  "  Red-banded  Amsacta"!  (Fig.  9)  is  found  widely  but  less  abundant- 
ly distributed  over  India.  It  appears  to  be  very  abundant  only  at  long 
intervals,  and  specially  attacks  groundnut  crops.  The  moth  is  like  the 
followincr  one  but  is  distinguished  from  it  bv  its  red  abdomen.  The- 
"  Orange-banded  Amsacta  ''i.  (Fig.  10)  is  a  larger  insect,  also  attracted  by 
lights,  or.  if  disturbed,  found  flying  in  the  fields.  It  has  a  wide  distribution 
and  attacks  sweet  potato,  sunflower,  rice,  sesamum  and  sorghum.  Its^ 
development  is  slower,  and  there  is  a  smaller  number  of  broods  in  the 
year.  Like  others  it  may  be  looked  for  first  in  the  early  rains,  but  as  it 
eats  wild  food-plants,  it  may  not  be  found  in  the  crops  unless  exceptionally 
abundant. 

A  commoner  insect  is  the  "  Black-streaked  Creatonotus"§  (Fig.  11),.  a 
moth  which  is  easily  recognised  by  the  interrupted  black  streak  in  the  fore- 
wing,  which  is  not  so  white  ns  in  others.  The  moth  comes  to  lights  and  may 
be  seen  in  abundance.  So  far  as  is  at  present  known,  it  is  the  only  common 
moth  of  this  kind  which  is  harmless,  and  if  seen,  no  outbreak  of  caterpillars- 
on  crops  need  be  expected.  It  will  probably-  be  found  to  attack  crops  in  time 
of  stress,  but  is  not  one  of  the  major  important  insect  pests.  Finally  there  is- 
the  little  "Black-lined  Amsacta",!!  a  smaller  insect  with  pinkish  fore-wing 
having  a  narrow,  black  line.  With  the  orange-banded  species,  this  appears- 
in  the  rains  ;  its  caterpillar  is  familiar  in  Baroda  and  Gujarat  as  "A^tfrn"" 
and  occurs  generally  over  India.  This  is  one  of  the  many  caterpillars 
that   attack   indigo,   and   in    a   l)ad   year   many   other    crops   suffer   from   its 

ravages. 

The  above  eight  insects  comprise  the  known  injurious  species  and, 
though  others  will  be  fount!,  these  are  the  only  ones  of  general  importance  in 
India.  We  may  add  that  the  term  "  hairy  caterpillar "'  is  meant  to  apply 
only  to  caterpillars  eating  crops.  It  does  not  here  include  the  hairy 
caterpillars  (e.a.,  the  ''  Kiiml'li-Ponchi.  "  of  Mysore)  found  on  trees  nor  the 
many  hairv  caterpillars  found  in  jungle  or  forest  land. 


*  Uhirl-isi/i  oUiqltil.   Wlk,  i  Aiii.s,n-tii  lilrti iicu.  Crrtln. 

t  Aiuiiiicta  miwrcl.  Bull.  §  Cn'otcnntjix  tjuiKjii',  Linn. 

II  Animi-t(t  I i iiniJii.  Cinm 
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The!>e  moths  lay  e*;;;-  in  the  >aiuo  charactt'ri.^tic  manner,  ih'|>ositin;j;  us 
anaiiy  as  fifty,  sixty  «»r  even  a  liuiulietl,  in  a  cluster  on  the  uiulersiije  of  the 
leaf  of  the  fooil-plant  :  -iieh  elusters  are  irre«fular,  and  look  a-*  if  a  pinch  of 
poppy  seed  had  heen  put  uii  the  leaf  anil  then  >tuck  to  it.  with  a  xprinklin;^ 
over  it  of  short  hairs.  The  moth  lays  several  such  dusters  ;  a  temale  oruuf^e- 
bandeil  Amsacta  laid  nearlv  six  hundred  »'«i;j-i  in  the  insectarv.  *)H(.)  voun" 
Win  <i  coiuit<'d  when  these  e;fj;s  hatched.  Thee;;;;  clusters  are  on  the  lower 
side  of  the  leaf  as  a  ride  :  it  is  not  ditticult  to  lind  them  if  one  walks  ihrou;;h 
•the  field  when  moths  are  seen  :  and  if  all  are  nut  >e<'n,  the  oaterpillais  are 
easily  obtained  when  they  hatch. 

The  little  caterpillars  hatch  out  toj^ether  and  teed  first  on  the  jeai  they 
are  on  and  those  close  by.  <Jne  then  sees  a  plant  of  which  s«jme  leaves 
are  eaten  or  spotted,  the  caterpillars  either  eatin;^  the  leaf  entire  or  nil)bling 
•the  epidermis  on  both  sides,  ;^ivin<i,  the  leaves  a  peculiar  spotted  ajipejirance. 
A  day  or  two  later,  the  caterpillars  have  spread  a  little,  and  one  sees  u 
:group  of  plants  of  which  the  leaves  are  totally  destroyed,  th<'  little  cater- 
pillars then  betriuninii;  to  sjiread.  They  are  still  orrej^arious  enou;ih  to  be 
found  in  groups  on  the  leaves,  and  it  is  tlien  only  necessary  to  pluck  and 
destroy  the  leaves  on  which  there  are  caterpillars.  A  basket  or  kerosene 
tin  is  required  in  which  to  collect  the  leaves,  the  leaves  being  burnt,  or  l)urie(l 
in  the  soil,  or  simply  shaken  over  a  vessel  contaiuing  water  on  which  a  little 
kerosene  is  poured,  when  the  caterpillars  fall  in  ami  are  killed.  The  vital 
factor  in  checking  these  pests  is  to  recognise  the  moths,  and  when  these  are 
seen,  to  watch  in  the  field  for  eggs  or  for  the  young  caterjiillars.  The  latter 
are  found  a  few  days  after  the  moths  are  seen  and  are  the  most  easy  to 
-detect.  l)nt  when  moths  are  actually  seen  in  the  crops,  there  is  usually  little 
(litKcultv  in  finding  the  eggs  there. 


EX1'LA.\ATI(».\    <tK    l^LATK. 

Tig.     1.     Oraiii:r  Sarin  M-tli    as  seen  ll.yiny  in  the  fielil. 
Kijr.    2.  IS  seen  resting  on  ft  plant. 

Fig.     3.     Crimson  Sann  Moth  Jis  seen  Hyinu 
,.  ..  ..      as  seen  resting. 

Ke(i-8potle<l  Kriiiine  .M'>lh  as  seen  Myin.'. 
.,  ..    as  seen  resi:!i- 

I'iaerisia  Moth  j>s  se<»n  tiying. 

,.      as  seen  restinft. 
Re<i-lanue<l  Amsacta  as  seen  flying. 
Fig.   10.     (irange-banletl  .Amsacta  as  seen  flying. 
Fig.   II.     r.lack. streaked  <'reatonotus  as  seen  flying. 
Pig.  12.     Black-lined  .Amsacta  as  seen  flying. 
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FLAX  EXPERLAEEXTS  IX  IXDIA. 

By  BERNARD  COVENTRY, 

Director,  Agricultural  Besearch  Institute,  Pusa. 

C/AN  flax  be  grown  and  mannfactured  in  India  ?  This  is  a  qnestioi> 
which  has  exercised  the  minds  of  individuals  and  of  the  Government  of 
India  for  over  a  hundred  years,  which  is  still  being  asked  to-day,  and  still 
remains  unanswered.  India  produces  300,000  tons  of  linseed  per  annum 
valued  at  about  3  millions  sterling.  The  plants  from  which  this  seed  is 
derived  are  either  thrown  away  or  iispd  as  fuel.  It  is  only  natural  that 
this  country  should  have  been  looked  to  as  a  source  of  supply  by  those 
interested  in  the  production  of  flax,  and  the  saving  of  the  fibre  from 
destruction  has  been  a  cause  of  keen  speculation  to  many. 

The  earliest  attempts  to  produce  flax  in  India  appear  to  have  been  made 
at  the  beginning  of  last  century  by  Roxburgh,  in  a  Hemp  Farm  established 
by  the  East  India  Company  in  the  neighbourhood  of  Calcutta.  His- 
experiments  were  confined  to  the  Indian  linseed  plant,  and  though  sample& 
were  prepared  and  sent  to  England,  no  definite  conclusions  are  recorded  as- 
to  whether  the  trials  were  a  success  or  not. 

In  the  year,  1839  the  matter  was  taken  up  more  seriously,  and  a 
Company  was  formed,  having  as  its  object  the  growth  of  flax  in  India.. 
RiiTa  and  Dutch  seed  was  imported,  as  it  was  thought  probable  that  the 
Indian  plant,  which  had  for  centuries  been  grown  for  the  production  of 
seed  onlv,  was  not  as  good  for  flax  production  as  the  Russian  and  Dutch 
varieties,  grown  in  those  countries  principally  for  fibre.  The  subject  was- 
Warmly  taken  up,  and  extensive  experiments  were  carried  out,  principally 
in  Bengal.  Samples  of  fibre  were  valued  in  England  at  £30  to  £45  per 
ton,  and  a  very  favourable  view  was  taken  of  the  probabilities  ot  a  profitable- 
enterprise.  The  Agricultural  Society  of  India,  as  the  result  of  a  request 
from  Government  in  1841,  submitted  a  report  of  these  result*,  and  we  find 
the  Revenue  Secretary    to    the    Indian    Government  writing  to  them  on  the- 
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22iitl  Noveinbor  ISil,  tlmt,  "  tin-  ciilii\ati'jii  <>l  lii\  <:iii  no  loii;^«'r  In* 
ron^idered  a  doubtful  ex|u'riment,  since  it  :i|i|)»*!iis  iVuiii  your  irjiuii  to  havt* 
been  found  in  niiinv  instances  successful,  and  w  lien-  successful,  to  be 
verv  faii-Iv  profitable.  Hi-  LonUhip  in  Council  i->,  therefoie,  niui  h  inclined 
to  doul)t  wbetlier  anv  bounty  or  reward  from  ( ioMrnnK-nt  i-  necessary 
or  would  be  justifiable"  Not witlistandin;i  tlie-.-  Ia\i)urabl<'  re>idt<,  fli«' 
<'oni|ianv  did  not  continue  the  rvju'rinii-nts.  ami  ibf  inferem-e  to  be  drawn 
is  that  the  refusal  of  the  aid,  for  whii-h  they  applied  to  (invernnient,  forbade 
their  ri-kiu*-- anv  mure  in  the  venture.  Indeed  w.-  find  Mi.  \\  lilaci'.  who 
conducted  trials  for  three  years,  statin;i  in  1S41  that  the  -peculation  inu>t  b.- 
abandoned  unless  the  Government  wave  some  encoura^iement. 

In  l^ijG  and  folIo\vin»j;  years,  the  subject  was  a^^ain  revived,  and  we  find 
experiments  started  in  the  Punjab.  N.-\V.  V.  and  otii.r  parts  of  In.lia  with 
both  indigenous  and  imported  iJutch  and  Ki<;a  seed.  In  a  letter  ad<ire>se.l  by 
the  Personal  Assistant  of  the  Financial  C^otnmissioner  to  the  (iov.-mm.ni  of 
the  Punjab,  dated  the  20th  July.  l«r.lt.  the  results  of  th.-  experiment-  in  the 
Punjalj  are  stated.  The  [irice  realise<l  in  England  for  th.-  fibn-  varied 
from  £35  to  £45  per  ton,  ami  the  results  are  describr.l  a-  b.-ing  "most 
encouraging  and  gratifying."  "  It  has  now  been  exi-erimentally  prove.l  .h:.t 
flax  grown  from  country  see.l  in  the  Punjab  can  c-oimnand  a  first  clas^ 
price  in  the  European  markets,  leaving  a  large  margin  to  cover  cost  of 
transport,  &c.,  and  for  profit.  The  question  may,  therefore,  be  said  to  have 
passed  from  the  stage  of  speculation  and  surmise  to  that  of  tact. 

Reports  of  Dr.  dameson,  Superintendent  of  tlie  Saharanpur  r.otani.al 
Gardens,  written  in  the  year  1851),  give  the  foUowing  iidormation.  Th- 
height  of  the  plant  was  3^  to  4^  feet.  The  yield  of  seed  p.-r  acre  wa-  7 
mauDds,  and  the  yield  of  fibre  per  acre  was  4  maun.ls.  The  proportion  of 
fibre  to  straw  was  25%.  He  says  in  the  reports  referred  to,  -  I  to.n.d  that 
flax  might  not  only  be  made  an  excellent  paying  crop  fron.  the  ,ced.  al.me, 
but  that  the  ste.n  or  shove,  if  proi^erly  scutched,  would  b,-  a.lnnrably  fitted 
for  the  Home  market,  but  before  this  can  be  brought  about,  .t  would  be 
ab<olutely  necessary   to  import  good  Instructor-  from  Europe. 

A  Committee  comi.o..ed  of  members  of  the  Agricidtural  Society  ol  India 
was  appointed  for  the  purpose  of  investigating  the  question  of  "  ih-  cult.vat.on 
a,id  manufacture  of  flax  in  India."  After  reviewing  the  pa-t  a.ul  present 
historv  of  the  subject,  they  stated  that  the  work  in  order.  "  to  atlonlany  hope 

of  .uccc.s       must  \u  the  fir-t  instance  be  carried  on  un.ler  huropean 

sni.ervisioD,  as  the  raising  of  the  plant  for  fibre  is  unknown  to  the  nat.ve., 
and  the  manipulation  recjuires  much  nicety  and  judgu.ent.  '  They  .ndtcated 
what  aids  they  considered  were  n-ce^^ary.  and  reconnn-nded  the  ''engagen.ent 
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for  one,  two,  or  three  years,  of  persons  who  are  well  acquainted  with  the 
mode  of  cultivating  and  preparing  flax  after  the  most  recent  improved 
methods."  On  the  8th  March  1860,  we  find  the  Secretary  to  the  Govern- 
ment of  the  N.  W.  P.  addressing  the  Secretary  to  the  Government  of  India,  to 
the  following- effect :  "  It  appears  that  not  only  can  an  excellent  paying  crop 
be  obtained  from  the  seeds  alone,  but  that  the  fibre  prepared  under  proper 
management  would  be  admirably  fitted  for  the  home  market.  This  is  found 
to  be  the  case  not  only  by  the  results  of  Dr.  Jameson's  experiment,  but  also 
by  the  results  of  those  conducted  on  a  larger  scale  in  the  Punjab — the  flax 
which  was  there  produced  having  been  declared  by  competent  home 
authorities  to  be  even  superior  to  the  Russian  flax.'  The  letter  goes  on  to 
say  that  "  instruction  from  Europe  is  indispensably  necessary  before  native 
cultivators  will  be  able  to  carry  out  the  somewhat  difficult  processes  described 
by  Dr.  Jameson,"  and  suggests  "  for  the  consideration  of  His  Excellency  the 

Viceroy    that measures    be    authorised    for    the    engaoement 

of  a  couple  of  competent  European  Instructors,  and  the  importation  of  the 
necessary  machinery  and  seed."  To  this,  the  Government  of  India  replied 
in   a  letter,   dated   the  ord   October   1860,   that   "  the  experience  of  success 

gained  in  the  Punjab  should  be  sufficient  to  stimulate  private  enterprise 

to  seek  a  field  for  its  operations,"  and  that  as  the  practicability  of  cultivating 
flax  for  the  English  market  at  a  good  profit  had  been  clearly  established 
in  the  Piuijab,  which  could  now  be  left  to  its  own  progress  unaided,  it  did  not 
appear  that  the  assistance  of  instructors  was  required  in  the  N.-W.  P.  The 
Government,  however,  offered  assistance  in  various  other  ways,  such  as 
the  dissemination  of  literature  on  flax,  aid  in  the  importation  of  seed  and 
machinery  by  passing  it  duty  free,  rewards  and  prizes  for  the  production  of 
the  best  flax,  and  the  loan  of  the  services  of  Belfast  men  from  European 
regiments  who  were  acquainted  with  the  art  of  flax  manufacture.  These 
ofifers  were  evidently  not  considered  to  afford  sufficient  help,  and  the  subject 
lapsed  once  more  into  oblivion. 

1  have  been  careful  to  quote  at  some  length  from  the  reports  and  corre- 
spondence on  past  trials,  because  it  is  generally  assumed  in  the  present  day 
that,  experiments  having  been  so  repeatedly  made  and  no  })ractical  results 
having  emanated  from  them,  the  groM^th  and  manufacture  of  flax  in  India 
has  never  been  and  is  never  likely  to  be  a  success.  The  object  of  this  article 
is  to  show  on  the  contrary  that  there  is  no  warrant  for  such  a  conclusion 
and  that  past  efforts  so  far  as  they  went  pointed  to  success.  In  other  words 
it  would  appear  most  probable  that  flax  can  be  properly  grown  and  manufac- 
tured in  India,  and  that  if  the  Government  in  1860  had  provided  European 
Instructors  and  aided  the  birth    of  the  undertaking    one  step  further  than 
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they  did,   the  country   would   in  ;ill    |>rolKiitility   h:iv«'   |>t»s<«-.<.'d   an  in-lii>try 
at  the  present   day  not  in  any  way  interior  to  that  ol'.Jutf, 

I  propose  now  to  consider   the  experiments  whicii   an*  at  present  Innn^ 
conducted    in   13eh;ir.       Tlie    decline   of  the    Indij^o    industry,  owin;^  to  the 
appearance    in    1<^*J7    of    the    synthetic    ilye,    has    stimulated    the   plantiii;; 
community    in  I'tdiar   to    seek    new   fields    for   th<'ir    enterpris«'   and  t.apiUil. 
Amonfj  the  new  entleavonrs   is   tlu'    i-ulture    of  tlax.     At  present   only   two 
places    have    taken    the    matter    up,  namely,   ili'*  Dooriah  In<li;;o  Concern  in 
the  district  of  ^Iii/.ut^erpore,  of  whicli  »Sir  Lewis   Hay.  Hart.,  and  others   aro 
proprietors,   and  the  Uajpur   li»di;i;o  Concern    in  the  district  of  Ohumparaii 
owned  by  Mr.   E.    Hamilton    Hudson    and   others.     The  Itajpur  Concern  han 
only  recently  sown  down  a  limited  area,  the  results  from  whieh  have  not    vet 
been  ascertained,  so  that  the  only  useful  information  at  hand  is  that  ol»tained 
from  the  working  of  the  experiments    in    the  Dooriah   Concern.     The   writer 
paid   a   visit  to  this  concern  in  ^lay  last  and  collected   what   information   wan 
then  available,  and  has  since  received    from   the   Manager,    Mr.   d.  Cameron, 
further  particulars  up  to  date. 

The  Dooriah  Concern  has  been  experimenting  in   flax   for  the  past    four 

vears.     Over  100  acres  are  under  cultivation,  and  thev   have   erected   scutch- 

iug   machinery,   which   turns  out   250  lbs.  of  prepared  fibre  per  day.      With 

skilled  workmen  it  would  probably  turn  out   three  times  that   amount.     The 

cost  of  machinery   is  comparatively   small,  that  required  for  all  the  processes* 

of '  breaking '•  scutching  '  and  tlie  like  being  about    Rs.   2,000.     The  proeesH 

of  manufacture    is    as    follows: — The  plant    is   cut  down    when   nearly    ripe 

and  "  rippled  "  for  seed.     The   stalks   are   then  either  retted   green,  or  dried 

and    stacked,    and   afterwards    retted    at    leisure.     The    Russian     and     Irish 

methods  of  retting  are  considered  unsuitable  for  India.     Of  other   metho<Is, 

the  retting  of  the  dried  straw  as  practi-sed  in  the   River    livs  in    Belgimn, 

where   the   finest   Hax   has  Wen   produced   for  years,  is  considered  the   best, 

as  it  facilitates  the  work  by  extending  it  over  a  longer    portion  of  the   year 

when  other  work  is   slack.     This  process   is   worked    by    packing   the  .Irieil 

stalks  in   crates    lined   with  cloth,   so  as    to  secure  filtration   of  the   water. 

and  then  retting  at  least  twice  iu  ruiming  wafer.     Great  care  and   judgment 

is  required  to  regulate  the  retting  in  order  to  secure  the  highest    percentage 

of    clean,     long     fibre.       The     vats,     available    at    every     in.ligo     fa«'tory, 

can  also  be  utilized  to  work  the  improved  process  known  as  the  "  Be.Tghem  '* 

retting  system,    which  has  great  advantages  over  other  methods.     I'nder  this 

system,    in  which  the  dried  stalks  can  also  be  worked,  the  retting  pro.ess    is 

completely  under  control  iu  a  series  of  vat-  in   which  the  conditions  e^m  be 

recrulated,     thereby    ensuring    uniformity    of    {.reduction.       The    following 
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detailed    description    by   an   indigo   planter   of   this    process    is    of    general 
interest  : — 

"  I  have  begun  mv  holiday  well,  as  you  will  I  think  agree  with  me,  when  I  tell  you 
that  I  have  spent  yesterday  in  studying  a  new  process  of  flax  retting  which  seems  to 
me  to  offer  oreat  advantages  and  is  likely  to  be  a  success.  It  is  the  outcome  of  the 
ideas  of  a  practical  mechanic,  a  Mr.  Legrand  of  (Lille)  Antwerp,  and  a  man  whose  name 
I  could  not  catch,  but  whose  family  from  father  to  son  have  been  for  generations 
engaged  in  steeping  and  retting  flax  in  the  River  Lys,  and  who  has,  I  understand,  been 
also  employed  in  flax  spinning. 

"  I  was  allowed  to  see  the  whole  installation  in  consequence  of  my  connection  with 
Indian  flax-throwing,  as  the  patentees  came  to  the  conclusion  that  this  process  might  be 
rer^-  advantageous  for  India,  their  idea  being  that  their  process  will  be  set  up  in 
districts  where  flax  suitable  for  fibre  purposes  can  be  grown. 

"Their  contention  is  that  they  can  produce  fibre  quite  equal  to  theCourtrai  steeped 
in  the  L^  s  and  at  vntch  less  cost,  the  Lys  process  being  very  costly  from  the  amount  of 
handling,  etc.,  and  liable  to  be  interrupted  from  the  state  of  the  river  (for  instance  no 
flax  is  at  present  being  treated  in  the  Lys,  which  is  too  much  in  flood)  and  now  and 
again  flax  in  process  is  destroyed. 

"  By  this  new  piocess,  steeping  and  retting  goes  on  all  the  year  round  and  the 
amount  of  labour  required  is  trifling,  but  that  labour  must  be  intelligent. 

"Tlie  installation  is  at  a  small  village  called  Beerghem  about  ten  minutes  by  rail 
from  Bruges,  or  say,  half  an  hour  from  Ostend.  It  was  started  in  November  last  year 
and  up  to  now  400--500,000  kilos  of  flax  straw  have  been  treated,  say  4 — 500  tons. 
The  installation  is  set  up  on  the  side  of  a  small  stream,  a  mere  '  bum  '  over  which  you 
could  stride  or  certainly  jump,  of  sluggish  running,  nut  over-clean  looking  water, 
probably  yesterday  with  a  depth  of  a  foot  to  a  foot  and  a  half,  but  falling  in  summer  to- 
an  inch  or  two.  (I  give  these  details  to  show  that  no  great  volume  of  water  is  neces- 
sary in  this  process.) 

"  The  installation  consists  of  a  range  of  light  brick  buiklijigs,  the  central  feature  of 
which  is  a  long  hall  containing  or  rather  consisting  of  a  long  tank  divided  into  five 
sections  and  with  a  factory  along  tlie  side.  Over  these  tanks  is  a  sort  of  travelling 
crane.  In  No.  I  tank,  next  the  door,  the  process  begins  The  tank  is  filled  with  water 
which  has  been  taken  from  the  '  burn,'  and  first  of  all  passed  through  a  filtering  pit 
from  which  it  is  pumped  into  the  tanks  by  a  system  of  connecting  jjipes,  by  an  engine 
which  supplies  the  power  for  the  whole  installatiiMj.  The  water  in  No.  I  tank  is  heated 
to  a  temperature  of  30—31  degrees  centigrade  (86  -88  degrees  Fahrenheit)  and  into  this 
■water  which  is  pure  and  has  no  chemicals  vjhatever,  the  flax,  which  is  put  up  in  small  sheaves 
and  placed  in  crates  standing  on  its  end,  is  placed  or  plunged  until  it  is  quite  submerged 
and  is  kept  down  by  a  very  simple  arrangement.  Each  tank  holds  three  of  these  crates- 
of  flax  and  the  crates  are  lifted  from  the  trolley  by  the  travelling  crane  and  dropped 
into  the  tanks.  In  the  first  tank,  the  flax  remains  for  one  day,  during  which,  however, 
it  is  lifted  in  the  crate  by  the  travelling  crane  and  held  over  the  tank  a  few  minutes  to 
allow  the  water  to  drip  through  the  sheaves,  two  or  three  times  in  the  day  and  then 
replunged  into  the  tank  so  that  the  water  rises  right  through  the  sheaves,  so  that  yoir 
may  say  every  straw  gets  the  full  benefit  and  the  steeping  is  pretty  even  all  through 
the  crate  of  flax.     You  see  the  gums  rising  in  a  scum  to  the  surface  of  the  tank  and  the 
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st'.-iicli  is  horrible  After  ii  duv  iii  .N-.  1  liiiik,  tlif  Liiiten  are  liiiiil  mtu  Nu  '2,  ami 
reiiwiiii  tliere,  with  these  occasimial  liftiii;;^,  until  the  retting  process  its  (-oiii|>lfte<l.  Thi- 
takes  from  2k  days  with  poor  straw  up  to  3j  to  4  divs  outtiiif  for  lieavy  ^^^o^\  sti-aw. 
The  process  has  to  be  watched  nairotrli/,  in  fact  day  and  nij;lit,  and  the  llix  lifted  from 
the  steep  ju'^t  at  the  riglit  time,  when  the  prmess  of  rettin;(  in  complete  ;  hut  two  men 
are  all  that  are  necessary  to  handle  tin-  ll  ix  from  the  tanks  T^iken  from  the  tank*,  the 
crates  are  put  on  trolleys  and  stand  for  a  day  or  a  couple  of  da\s  to  futrdcn,  after 
which  the  trolleys  are  run  out  on  a  liirht  line  of  rails  tt>  a  meadow,  wluTf  the  fhix  \* 
taken  out  of  the  crates,  the  bundles  opened,  and  the  tlax  is  set  up  in  hi^  hnndfuk  on 
end.  three  or  four  of  the  handfuls  beinj;  twisted  toj;ether  at  tin-  croji  end  to  make 
theni  stand,  and  Ihmv  it  is  left  to  dry  and  further  harden  for  such  a  time  as  18  con- 
sidered necessary,  depending  very  much  on  the  character  of  the  iitni\\,aiid  la^tiny  3 
to  7  days,  after  which  it  is  ready  to  be  broken  and  scutche<l. 

"To  break  it,  it  is  passed  through  quite  a  small  machine  with  tluteil  r..||.-r-i  and  then 
it  is  worked  on  the  usual  scutching  mill. 

"The  yieltl  got  from  the  straw  varies  from  l.'i  -16  per  cent  for  poor  straw,  u|>  t.- 
19 — 23  iicr  cent  for  good  straw.  One  object  of  leavin-,'  it  on  tii*'  meadow  bo  long  i»  to 
give  colour. 

"The  water  in  the  tanks  has  not  to  be  chanif.'d  with  each  fre»h  crate  of  fUx  put 
into  it,  but  can  l>e  used  repeatedly  until  it  becomes  too  dirty  and  likeh  to  affect  the 
colour  of  the  6ax.  The  water  Is  heated  by  steam  pipes  in  the  tanks  I  understand. 
When  the  water  is  discharged  from  the  tanks,  it  flows  into  a  pit  next  to  the  tilteriiig 
pond,  through  which  pit  the  pipes  conveying  the  fresh  water  are  led,  so  that  b\  the  tinu* 
the  fresh  water  reaches  the  steeping  tanks  its  temperature  has  lisen  coiisiderablv  and 
there  is  less  steam  wasted  in  bringing  it  up  to  30—31°  Centigradt- 

"  I  forgot  to  mention  that  the  seed  has  been  taken  off  the  fl.ix  before  it  was  put  into 
the  steep  ;  this  is  done  by  a  machine  which  these  people  have  brought  out,  which  doe-* 
not  destroy  the  fibre.  I  send  you  small  samples  of  straw  retted  by  the  proiess  and  of 
the  flax  produced  and  also  of  dressed  lint  and  ti>w,  pr(Mluce<l  by  a  new  svsteni  of  hack- 
ling which  Legrand  has  also  patented,  but  which  I  won't  attempt  to  de.sciibe  to  vou 
but  by  it  he  claims  to  get  12  —20  per  cent  more  yield  and  to  produce  much  better  tows 
than  bv  the  old  svsteni  of  machint-  hacklini: 


"I  believe,  it  is  the  very  thing  for  Beliar,  an<l  as  the  indigo  plaiiteis  have  already 
their  indigo  vats,  I  daresay  these  could  be  utilised  for  th'?  steeping  tanks  without  anv 
great  esi>enditure  of  money.  The  installation  at  Beerghem  lias  cohI  al»out  fi,-100,  but 
a  good  deal  has  been  wasted,  as  it  was  entirely  exi)erimental,  wh-ch  would  be  t-av^d  in 
putting  down  a  new  place  now  after  experience  has  been  gained.'' 

As  regards  the  cultivation  of  the  plant  tbert-  is  no  dunht  tlwit  .sonn;  of 
the  land^  in  Uehar  are  admirably  suited  tu  the  growth  of  Hax.  In  \v«dl- 
selected  land  a  crop  grown  from  imported  .«e<'d  attain-  an  avcragi-  Ijtj.rljt 
of  3  feet.  The  amount  of  seed  .sown  p<m-  a<re  i-  1  niannd-  (IT.O  lb- 
but  it  i?  considereil  better  by  some  to  sow  two  and  a  half  maimds  (iOu  lbs.). 
Sowing  thickly  on  strong  land  is  said  to  [•ro<luce  a  higher  perc'-nlage  of  fibre, 
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for  a  nuniber  of  thin  stems  havini;  the  weight  of  one  thick  one  will  have  a 
greater  surface  and  consequently  more  fibre.  The  land  requires  careful 
preparation.     It   should  be   ploughed   to  a  depth  of  ten  to  twelve  inches,  and 

-  then  carefully  worked  so  as  to  secure  a  firm  seed  bed  and  a  fine  surface. 
Careful  broadcast  sowing  by  hand  produces  a  more  uniform  thick  crop  than 
sowing  in  drills.  Some  of  the  best  foreign  varieties  of  seed  are  under  trial 
at  the  Pusa   Experimental   Station.     It  has   yet  to   be  ascertained    whether 

-  the   seed  will   maintain   its  quality  with  acclimatization  or  whether  it  will  be 

■  necessary  to  import  fresh  seed  at  regular  intervals.  It  is  well  known  that 
linseed  cannot  be  grown  continuously  on  the  same  land,  which  becomes 
"flax-sick."     In    Belgium,   the   rotation  is   as   long  as  a  five  or  seven  years' 

.  course. 

If  arown  in  this  way,  experience  shows  that  there  is  as  much  fibre  in 
the  plant  grown  in  India  as  at  home,  namely,  about  20  per  cent,  of  dried  straw. 
The  average  yield  of  retted  and  dried  straw  at  Dooriah  from  sowing  at  the 
rate  of  2   maunds   of  seed,  w^as   40   maunds   per  acre,   and    the  percentage 

.  of  fibre  obtained  from  the  straw  was  1,5  per  cent,  or  6  maunds  of  fibre  per  acre. 
This  should  have  given  4|  maunds  good  fibre  and  1^  maund  of  tow,  that 
is  to  say  the  proportion  of  good  fibre  to  tow  should  have  been  as  3  to  1, 
but  in  point  of  fact  it  was  only  half  good  fibre  and  half  tow.  This  defect 
was   due  to  a  want  of  skilfulness  in  manufacture.     This  point  has  an  impor- 

•  tant  bearing  on  tlip  whole  question,  for  the  total  money  value  of  the  yield 
depends  very  greatly  upon  skilful  manufacture  in  order  to  create  a  good 
quality  of  flax  with  a  low  proportion  of  tow.     The  flax  from   the   first  year's 

-  experiments  fetched  £30  a  ton,   the   second  year  £35,  and   this  year    it  is 
-expected  to  fetch   £40    a  ton    owing   to   its   better   quality.     The    price    of 

-  tow  was  about  £10  a  ton.  The  cost  of  production  including  cultivation, 
seed,  manufacture,  shipping,  insurance,  and  other  outlay  expenditure,  amounts 
to  lis.  62  per  acre.     Taking  the  6  maunds  of  fibre  to  have  sold  at  £2,5  a 

■ton  including  tow.  equal  to  say  Rs.  13  per  maund,  we  have  a  gross  return 
of  lis.  78   per  acre  and  a  profit  of  Rs.  1(). 

This  figure  would  appear  to  justify   a   continuation  of  the   experiments 

■  and  a  moderate  increase  in  the  area  under  cultivation.  Indeed  Mr.  Cameron, 
the  manager,  has  stated  that  the  experiments  have  paid  almost  from 
the  beginning.  It  is,  however,  to  be  observed  that  the  process  of  flax 
manufacture  is  a  difficult  one,  involving  a  large  amount  of  expert  kuow- 
ledo-e.  It  is  evident  from  what  was  to  be  seen  at  Dooriah  and  from  the 
figures  supplied  by  the  manager  that  the  reason  for  such  a  low  profit  as 
Rs.  16    per  acre  is  want  of  skilful  manufacture.     The  question  of  cultivation 

,can  well   be  left  to   the    planter  and   the  native  cultivators,   for  it  has  been 
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found  that  the  plant  can  Iw  iriown  "atisfactoiih  .  I'lit  the  iii-occsa  of" 
inanuractnre.  that  is  to  sa\  the  icltin;:.  iht-  '  Ki-eakin;,'  '  an<l  '  M-iitcliin'f ,'  the 
assortment  ami  parkiny;  lor  tl.f  market.  eani)«»t  Id-  ['erCormeil  proiterlv  hv 
unskilled  lahoin-.  and  tin-  dit^frt'iur  In'tufcn  sureess  or  lailure  lies  alinoht 
entirely  in  these  operation-.  It  i-  ;i-  ihcap  lo  maiMil'aftMrc  well  a»  haijlv. 
but  the  ditTerence  in  the  value  ot  thf  re^-ults  i>  very  ;ireat.  IJadIv  made  tihre 
will  fetch  only  £2')  to  £:50  a  t..ii  :  w.ll  mad<'  fihre  Trum  *:.'i(i  to  i;6(l.  At 
the  latter  price  the  j.rofit  ol'  !{■«,  hi  pi-r  acif  wtudd  heeonic  !(-.  TC  to  IN  NC. 
reckonin«i  4i  niaunds  of"  «i;ood  ijuality  tihre  out  of  the  Ct  inaunds  jicr  acre. 

l{evie\vin(]r  the  results   of   the^c  «'\periment*  and  tho^eofthe  pa>t    litO' 
years,  at  what  conclusion   are   we  alih-  to    arrive  y      It  would  seem  that    flax 
can  lie    grown    ami    manufactured    in    India,    hut    in    order    to    make    it    a 
commercial  success,  the  comjilicated  and  terhnical  nature  of  the  manufactur- 
ini;-  process   should   not  be  left  to  amateurs,  and   the  employment  of  instruc- 
tors in  the  manufacture  of  the  fibre  is  called  for.     AVe  find   the   experiments 
of  to-day  orivincr  as  great  a  pi-omise  as  those  of  the   past   hundred   vear>  ;  we 
find    too    in   18511   that    Ur.    dameson.    who   so   successfully  carried    on    his 
experiments   in   the  X.-AV.  P.   wrote  as   follows: — ''All   that  i>  recpiired  to 
market  a  useful  crop   in   India  are  some  gooil  Instructors  to  show  how  the 
fibre  is  to  be  prepared  and  fitted  lor  the  market,  and  good  .<eed  and  machinery. 
To  encourage  flax   cultivation   in    Ireland,   the    Home   Government   annually 
allow  the  Royal  Flax  Society    lis.  lO.OdO.   :ind   by   this  society    upwards  of 
4l  10,000  has  been  spent  in  twelve   years  in    salaries   to   instructors,   &v.     If, 
therefore,  the  cultivators  and  preparer>  of  flax  in  Ireland,  where  all  the  finest 
kinds   of  machinery  are  available,  require   instructors,  how  much   more  so  is 
it    necessary   tliat  means   be  adopted   l>y  the   Indian  Government  to  procure 
•^ome  expert   Europeans   from    Euro])e   to   teach  natives  how  to  jtrepare  fibre. 
Until  this  is  done,  it  is  in  my  opinion  a  useless  waste  of  money  to  attempt  to 

carry  on  the  process   with  success but  the  experiment   wliich  was 

then  (foinwon  so  successfully,  has  l»een  relin(|uished  at  the  verv  time  when  it 
ought  to  have  been  i)ro5ecuted  with  renewed  vi<,'our." 

Jli>torv  is  again  repeating  itself  in  regard  to  the  lii>t  p(u-lion  of  this 
statement.  It  would  seem  that  the  r.-sults  of  nil  these  experiments,  if  they 
do  not  call  for  large  und<'rtakings.  certaiidy  engen«ler  the  belief  tliat  the 
culture  of  flax  in  India  would  be  a  .'^uece.ss  if  only  instruitors  were  on  the 
spot  to  teach  the  skilful  handling  of  the  lilue.  which  .seems  to  he  the  most 
important  of  all  the  condition^  of  success,  an.l  yet  appears  never  to  have  been 
attempted  on  a  reasonable  scale.  It  should  be  obser>e<l  also  tliat  the  prospect.'* 
of  success  now  are  greater  than  they  were  in  those  days.  The  demand  for 
fibre  all  over  the  world  has  increased  enormously,  and  th^  prices  of  to-day  are 
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in  every  way  more  promising.  There  are  two  separate  but  closely  coimecteJ 
problems  for  investigation  ',jirst,  the  possibility  of  establishing  a  new  industry 
for  the  growth  of  flax  as  a  fibre  crop  for  the  production  of  high-grade  fibre 
alone  ;  second,  the  possibility  of  introducing  a  system  whereby  fibre,  probably 
of  a  lower  quality,  could  be  produced  in  combination  with  the  existing  large 
cultivation  of  linseed  for  oilseeds.  The  account  given  above  shows  that  the 
first  problem  is  being  investigated  in  Behar  ;  the  second  problem  has  already 
received  sonie  attention  at  the  Manjri  (Poona)  Government  Farm,  but 
without  definite  results.  A  more  promising  field  for  such  trials  is  the 
Sauo-or-Nerbudda  territory  of  the  Central  Provinces,  where  linseed  naturally 
grows  luxuriantly  with  a  considerable  length  of  stalk,  much  better  than  in 
-the  Bombav  Deccan. 


THK   I5KXKFITS  OF  SIIKl^P   DIIMMXO. 

Bv  ('\n\iN   F.  s.    11.   liALDRHY,  K.ur.vs.,  v.uu.a., 
Fellow,  Kuy.  Inst.  Pub.  lleulth. 

Cnpftilii^  ('.    V.  D.,    J'r(>f't's>i<ir,  Sninf.  Sriin.^  Lii/ior'-   V'fjf.  (''i/f'i/f. 

DUKING  some  twelve  nionth.s'  laboratory  work  in  India,  ilie  t'noriiious 
amount  and  .«erious  nature  of  external  para^^itic  disease  anion;;.st  cattle  an  I 
sheep  have  been  very  foreil)ly  thrust  ujjon  me.  I  propose  to  «;ive  a  short 
account  of  these  affections  as  I  have  seen  them,  not  from  a  professional  and 
scientitic  point  of  view,  which  would  be  out  of  place  in  a  journal  (>i  this 
nature,  but  from  an  industrial  aspect  in  their  relationship  to  a;.;ricultu!t'. 

I  have  found  in  the  specimens  of  wool  from  sheep  examined  l)y  nn* 
almost  every  known  parasite  that  affects  the  skin  of  tliis  animal.  The  c(»n)- 
monest  are,  of  course,  the  many  varieties  of  ticks.  There  is  the  connnon  re<l 
tick  of  the  family  /dvdidce,  its  species  being  found  in  dogs,  horses,  cattle  and 
other  animals.  It  is  characterised  by  its  colour,  the  presence  of  a  scutum 
(that  is  a  small  hard  shell  of  a  darker  red  colour,  present  on  the  superior  .iiid 
anterior  surface),  and  its  habit  of  remaining  upon  the  one  host  from  its  larval 
stage  until  its  lull  maturity,  when  it  falls  otf  to  lay  its  eggs.  It  is  a  species 
of  this  tick  (BoopJiiliis  Anslral/'s),  which  is  most  common  in  this  country  and 
which  is  the  intermediary  liost  of  the  disease  known  as  Tick  Fever,  Texas 
Fever,  or  Red  Water.  This  disease  is  indigenous  in  Imiin.  and  is  constantly 
demonstrated  in  tlie  blood  in  the  form  of  fu'roplasma,  /./',,  a  j)rotozoon  organisrji 
which  attacks  and  enters  the  red  corpu.scles,  either  in  the  small  variety  lir.st 
noticed  l)y  Lingard  and  calle<l  the  /'iroji/usnia  TrDfiint.  or  in  th(»  ordinary 
form  of  Piritjilaama  linjouiiinm,  Hrst  noticed  in  this  eountrv  by  Itavnumd. 

Another  variety  of  tick,  which  has.  I  believe,  not  been  before  recognized 
in  this  country,  is  one  of  the  species  of  Anjusuhn  of  the  family  Ixod'ulr, 
which  is  characterised  by  the  absence  of  the  scutum  alreatly  des(;ribed. 
They  appear  at  first  sight  to  be  more  like  a  wood  louse  in  size  and  habit  of 
movement,  are  grey  in  colour.  an<l  do  not  live  permanently  on  the  one  host, 
i.e.,  they  will   tall  off'  :ind    luMe  in  a  crevice  of  a   wall  ami  attack   another 
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animal  the  next  day  or  night.  They  are  more  nearly  associated  with  fowls, 
and  are  the  intermediary  hosts  of  a  disease  of  these  birds  known  as  Spirillosis. 
Theiller,  in  South  Africa,  has  recently  shown  that  they  also  convey  a  spirillum 
which  affects  cattle.  The  spirillum  is  an  organism  having  powers  of  move- 
ment, which  gains  entrance  to  the  blood-stream,  but  not  into  the  corpuscular 
elements,  causing  fever,  an?emiii  and  death.  It  is  a  tick  of  this  class  which 
is  associated  with  the  disease  known  in  the  Punjab  as  Chicheri  Ice  Idmari,  now 
beino-  investigated  at  the  Lahore  Veterinary  College.  The  variety  and 
number  of  species  of  ticks  of  both  the  above  big  orders  are  very  great,  much 
investiofation  being  required  before  we  can  expect  to  know  and  identify  all  of 
them.  In  view,  however,  of  tlieir  great  importance  in  the  transmission  of 
disease,  this  knowledge  is  absolutely  essential. 

Another  common  affection  of  the  sheep  is  the  presence  of  lice,  the 
species  found  by  me  being  Hematopi mis  and  Trichodralls  of  the  family 
PediciilcB.  I  have  seen  sheep  literally  covered  with  these  {)arasites,  and  it 
is  said  by  the  natives  that  they  cause  death.  From  some  of  the  cases  that  I 
have  examined,  this  would  seem  to  be  quite  possible,  the  wool  and  hides  being 
so  pncked  with  lice  that  tlie  irritation  of  their  presence  and  the  amount  of 
blood  sucked  by  them  from  their  host  would  be  sufficient  to  induce  this  result. 
The  natives  call  this  disease  Juvee,  signifying  lice.  It  is  supposed  to  induce 
diarrhoea  and  death,  but  I  have  found  that  the  cause  of  death  is  Coccidiosis 
or  Psorospermosis  which  is  an  altogether  different  disease,  although  it  is  not 
known  but  w^hat    lice    may  have  something  to  do   with  the    infection    as    an 

intermediary  host. 

Rincrworm  seems  to  be  more  or  less  common  also.  The  Superintendent, 
Civil  Veterinary  Department,  Punjab,  liitely  sent  me  some  wool  from  an 
outbreak  of  what  was  supposed  to  be  shee})  scab,  which  was  entirely  ring- 
worm of  the  Tricopliiiton  tonsurans  variety,  almost  every  hair  being  affected. 
This  is  an  affection,  requiring  much  trouble  to  eradicate,  and  the  loss  is  very 
considerable  both  in  the  lives  of  the  sheep,  and  in  the  condition  of  the 
mutton  and  the  fleece. 

Finally  there  is  ordinary  sheep  scab,  due  to  the  Acarus  of  that  disease, 
(Sarcoptes  scahei  oris),  which  is  also  more  than  ordinarily  common  in  sheep, 
and  a  similar  condition  prevails  in  Buffaloes.  It  is  looked  upon  by  the 
native  owner  as  an  act  of  God  for  which  there  is  no  remedy.  Imagine  this 
condition  in  England  or  in  any  country  where  the  raising  of  stock  is 
conducted  on  modern  principles. 

I  have  given  the  above  instances  of  disease  in  order  to  show  the  neces- 
sity for  the  recommendation  which  I  wish  to  make  for  the  introduction  of 
the  practice  of  sheep-dip[>ing.     It  is  a  curious  fiict  that  the  market  prices  of 
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most  agricultural  products  of  Intlia  arc  iiivarialtly  lower  than  tliu-f  ul  any 
other  country.  The  prices  ot"  hides  and  wool  are  very  poor  as  compared 
with  Australia  ami  AMieri<a,  and  tliis  seems  mainly  due  to  the  «arele'«H 
condition  of  production  in  this  country.  The  wt>ol  ^I'Ut  out  i-;  invarialdy 
the  dirtiest  in  the  market,  the  hides  are  Ijadly  «.a\ed.  ti(k-«*aicn  and  inferior. 
All  this  is  duo  to  the  inditlVrence  manifested  in  their  pr««paratioii  A-»  far  as 
I  can  ;jather  such  a  thing  a-^  a  sheej)  ilip  has  never  heen  heard  of.  the  ordi- 
nary }»recaution  of  having  shee[)  dipped  hetore  the  wool  '•cliji"  not  even 
heing  thought  o\'.  This  may  possibly  l)e  tlue  to  the  apathy  which  is  charac- 
teristic of  the  country,  but  the  want  of  any  ■»tMndar<l  (d  excellence  a^  an 
example  has  also  a  great  deal  to  do  with  it.  The  rea>ioii-  why  In<lia  !«*  not  a 
much  better  stock  raising  country  should  be  carefully  t-onsidrred.  In  '-oin- 
parison  with  other  stock  raising  countries,  the  climatic  conditions  are  not 
crreatlv  worse  in  India.  I  have  jiriUed  in  a  tin-roofed  hut  in  (Jueen^land 
where  it  was  necessary  to  allow  10 — 12  acres  for  each  bullock  and  6  —  ^  acres 
for  each  sheep.  Years  ago  1  was  stock  riding  in  a  -iimilar  country  in  tli- 
U.  S.  A.,  ri:.,  Arizona,  where  the  summer  heat  is  as  trying  as  India,  and  feed 
is  at  times  as  scarce.  But  still  these  places  are  capable  of  producing  meat, 
hides  and  wool  of  the  first  (piality.  A  great  deal  of  this  inferiority  of 
Indian  products  is  due  to  the  parasitic  affections  wliich  are  so  exceedingly 
common  amongst  sheep,  cattle  and  butTaloes.  It  is  easy  to  intagine 
what  deleterious  effects  the  presence  of  these  >kin  atlVctions  has 
not  only  upon  the  hides  and  wool,  but  also  upon  the  animals  them- 
selves. The  irritation  set  up  inhiltits  the  j.ossil)ility  of  good  condition, 
and  the  blood  sucked  is  a  serious  ilel)ilitating  loss,  rendering  the 
animal  the  more  liable  to  attack  by  any  contagious  di->ea<e  that  may  be 
prevalent  at  the  time,  especially  as  each  bite  of  a  jsarasitic  insert  causes  a 
wound  through  which  pathogenic  organisms  may  gain  admission. 

There  may  be  other  factors  which  militate  against  a  successful  -stock 
raising  industry,  such  as  the  curtailment  of  grazing  areas  liy  the  increase  ol 
cultivation.  Such  (luestions  have  been  raised  from  time  to  time,  but  .lo  not 
concern  the  point  to  which  I  wish  now  to  draw  attention.  In  fact,  cultivation 
may  have  a  beneficial  effect  on  stock  raising  :  in  the  Argentine,  huge  tracts 
of  alfalfa  (lucerne)  are  put  down  for  the  grazing  on  most  of  the  cattle  and 
sheep  runs,  and  in  New  Zealand  artificial  grazing  of  the  very  best  .juality 
has  been    introduced    into    the  previously    l)arren    volcanic    country  by    the 

sowing  of  clover. 

As  a  means  of  reducing  the  ill  effects  of  the  above-niention.-.l  parasitic 
affections,  a  system  of  dipping  and  regular  .lipping  would  appear  to 
be   indicated,    wherebv   the  extcriuil    parasite    would    be  removed,  and  some 

14 
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of  the  diseases  wbicli  they  conve}'  would  be  lessened.  If  only  a  few 
sheep  were  saved  to  each  breeder  in  each  year,  an  enormous  surplus  of  stock 
would  be  gained,  sufficient  to  provide  all  the  Army  Rations  and  other 
varieties  of  tinned  mutton  that  are  so  extensively  used  in  this  country, 
not  to  mention  the  benefit  accruing  to  the  wool  clip.  This  again  suggests 
the  possibility  of  establishing  canning  factories,  and  the  increased  trade 
Avhich  the  industry  would  induce. 

Indian    stock   raisers  are    not    as    a  rule  big  owners  ;  they  each  possess 
comparatively  few  animals   which    all    receive    almost   individual    attention. 
l)eing  watched  while  grazing  and  under  care  at  night.     This  would  facilitate 
the  introduction  of  a  system  of  regular  clipping  and   dipping.     It  would    be 
easier  to  have  animals  clipped  and  dijiped  than  is  the  case  in  the  huge  herds 
of  eight}'  to  a  hundred  thousand  animals,  as  they  exist  in  the    Colonies    and 
the  Argentine  ;  and  yet  in  these  latter  countries   the  thing    is   done    without 
difficulty,    although    labour    is    at    a    very    high  premium.       The  practical 
application  would  not  be  difficult  ;  a  dipping  place  could  be  arranged  for 
amongst   every  two  or  more  villages,   where  dipping  could  be  carried  out 
under  trained  supervision  at  regular  intervals,  as  indicated  and  advised  by 
Veterinary  Superintendents.     If  necessary,  a  small  fee   might  be    charged 
to  the  owners  in  order  to  cover  the  expenses  of  the  dip  used,  but  for  each 
individual    sheep  this  would  be  infinitesimal,  and  would  be  paid  for  many 
times  over  from  the  benefits  received.     The  inauguration  of  such  a  system 
would  require  the  institution  of  some  practical  authority  on    the    lines    of 
the    Stock    Departments    in  Australia,  or   the   Bureau  of  Animal  Industry 
in  the  United  States  of  America  or  the  Agricultural  Department  in  South 
Africa.     A    number  of  practical    travelling    Superintendents    with    expert 
veterinary  knowledge  would  be  required  who  could  get  quickl}"^  from  place 
to  place  and  see  in  what  way  the  bad  conditions  which  I  have    indicated 
could  be  ameliorated. 

The  chemical  constituents  used  in  the  making  of  sheep  dips  and  the 
method  of  mixing  them  in  their  proper  proportions  are  hardly  questions 
for  this  paper.  l)ut  a  system  of  dipping  being  now  a  recognized  institution 
in  most  civilized  countries,  no  difficulty  would  be  experienced  in  obtaining 
full  particulars  as  to  the  methods  and  their  practical  adaptation. 


-ArAxrijiAL  i:\n:iMMK.\Ts  w  itm   w  hkat    \r 
THK  X  \(;i>rij  kxpkkimkxtal  i-.vilm. 

i:v  h   cLorsTox,  u.sc, 

I)f/>>iff/    Dii-'itiir  ill'  Aifririi/hin',    C  P. 

About  the  niitldle  ot'  lust  T-entnrv  Afrricniltural  S<-i»MU'p  \va'<  ..nlv  jn^i 
becrinninor  to  investigate  many  of  the  most  important  (juestion^  lelafin;: 
to  plant-niitrition  and  soil-chemistrv.  Thanks  to  careful  experiment  ami 
scientific  en»iuiry.  much  of  that  investit^ation  has  lonji  since  j.assed  he- 
j'ond  tlie  pale  of  mere  theory,  and  has  become  part  of  a  more  or  less  exa«*t 
science — the  science  of  aojriciiltnre.  The  Unowledge  so  ol>tained  ha-j  li.Mum** 
the  foundation  on  which  the  principles  of  our  best  farm-praotic**  n|  tlu* 
presenl  day  are  based.  Only  sixty  years  n^o,  however,  our  men  of  science 
had  l)iit  touched  the  frinfje  of  many  of  these  <jreat  questions. 

Li^/'/ir'.<  Mnifi-al  T/n-or//. — About  that  time,  tor  instance,  w»'  tind 
Liebitj  investigatintj  the  jiroblem  as  to  what  really  are  the  •••ssi'ntial 
inorredients  of  ])lant  food,  and  after  much  carefid  and  laborious  work  in 
pot-cultures  and  soil-analyses,  we  tin<l  him  expoundiuf;  to  the  world  hi- 
"  Min^^ral  Theory,''  that  if  vou  supply  a  plant  with  tho<e  mineral  con«iitn.Mits 
found  in  its  ash,  as  shown  bv  it<  analvsis,  it  will  fjrow  luxuriantly,  because  rli.* 
air  and  soil  together  supply  it  with  a  sufficiency  of  carlion  and  nitroj^iMi. 
He  seemed  to  think  that  th**  anunonia  of  the  air  was  an  unfailiu;^  source  of' 
]iitroi£<'n,  while  in  addition  to  this  the  plant  has  at  its  disposal  the  ammonia 
given  oti"  l)y  decomposing  vegetable  mattt-r. 

M.  Geni'iifs  Ville.  —  Vill»»,  thouifli  of  the  Liebig  school,  atta«di»*d  m()re 
importance  to  the  need  of  supplying  nitrogen  to  the  i_frowing  plant.  II.- 
includes  it  in  what  he  call<  hi<  •' .\ormal  Manures,"  along  with  phos|>hori«' 
acid,  lime  and  potash  :  and  states  that,  after  much  careful  investigation  into  th** 
results  of  his  pot-culture<,  he  had  arrived  at  the  conclusion  "that    by    tl-.-   aid 
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of  these  four  simple  chemical  products  a  maximum  crop  may  be  obtained 
from  all  plants  in  any  place  and  in  any  condition  of  soil  ;  further  that  by 
varying  the  quantity  of  these  products,  the  work  of  vegetation  may  be 
regulated  almost  like  a  machine,  the  usefulness  of  which  is  in  proportion  to 
the  fuel  consumed."  Ville's  theory  then  reduces  itself  to  this,  that  to  fit 
a  soil  for  orowing  a  crop  you  should  see  that  these  four  essential  con- 
stituents are  there  in  sufficient  quantity.  Should  it  be  deficient  in  any  one  of 
them,  then  that  one  should  be  applied  as  a  chemical  manure.  But  here  a 
difficulty  arises,  for  he  had  repeatedly  found  that  soil-analyses  were  of  little- 
practical  value.  '•  Of  what  use  is  it  to  us  to  know  that  the  soil  contains 
phosphoric  acid,  potash,  nitrogen,  etc..  if  we  consider  active  and  inactive 
parts  in  the  light  of  a  loose  and  heterogeneous  mass,  as  given  in  an  ordinary 
analysis  V  Xo  matter  how  exact  in  its  details  an  analysis  of  the  soil  may  be,, 
it  remains  a  dead  letter  with  respect  to  the  needs  of  plants,  seeing  tliat  their 
roots  are  not  provided  with  either  acids,  alkalies,  or  any  other  means  of  de- 
composing compounds,  such  as  the  chemist  has  at  his  disposal  ;"  in  other  words 
the  chemist  at  that  time  had  not  vet  learned  how  to  discriminate  between 
the  plant  food  which  was  innuediately  available  in  the  soil,  and  that  which 
onlv  became  available  when  treated  with  the  strong  acid  solvents  Avhich  he 
used  in  his  analysis. 

Ville's  practical  method  of  Soil  Analysis. — Acting  on  the  assumption  that 
it  was  possible  to  bring  the  most  barren  soil  to  the  highest  degree  of 
fertility  by  adding  one  or  more  of  the  four  essential  constituents,  Ville  devised 
a  method  for  finding  out  which  of  these  four  are  deficient  in  any  one  particular 
soil,  and  for  any  one  particular  crop.  His  was  a  thoroughly  practical 
method  of  analysis.  Five  adjacent  plots  of  equal  area  were  chosen  in  the 
area  to  be  considered.  To  the  first  plot  no  manure  was  applied;  to  the 
second  he  applied  the  complete  manure,  i.e.,  nitrogen,  phosphates,  potash  and 
lime  ;  while  from  the  remaining  three  plots,  one  of  the  four  manures  was 
withheld  in  turn — only  three  being  applied  to  each.  The  plots  were  all  sown 
with  the  same  crop.  A  typical  experiment  tried  by  Ville  with  wheat  gave 
the  following  results  : — 


No  Manure.         Complete 
Manure. 


7-20  lbs. 


2,.580  lbs. 


Minus  Nitro- 
gen. 


810  lbs. 


Minus  Phos- 
phate . 


l,.-)90  lbs. 


Minus  Potash. 


],S601bs. 


Minus  Lime. 


2.460  lbs. 


From   these   results    the  following   deductions   can  be  made  (i)  that  the- 
soil    requires  above   a!l    a   nitrogenous   manure  ;  (ii)    that   it    is   deficient   in 
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potash  and  still  more  in  pliospliates  :  hut  (iii)  that  it  alirady  contains  ahout 
enough  lime  for  this  sj.ocial  trop  at  lea-i.  In  manuring  such  a  soil  lor 
wheat,  lime  would  he  omitted  altogether,  hut  a  heavy  dose  of  some  nitro- 
genous manure,  along  with  a  more  moderate*  •iU}>ply  of  jiho>jphat»'s  and  potn-h. 
AYould  he  necessary. 

E.i'periments  at  Na<ipur  Fitrni.-  Kxp«'riineiits  of  a  similar  character  were 
initiated  at  the  Nagpur  Farm  in  tlie  year  1?<^H  Ity  Mr.  (now  Sir  Bampfvl.h-) 
Fuller,  who  was  Director  of  Agriculture  at  that  time.  They  were  continued  for 
ten  years  with  the  one  crop — \vh<'at.  During  the  first  five  years  wheat  wa> 
grown  as  a  dry  crop  without  irrigation,  hut  the  area  was  then  changed  and  one 
to  two  waterings  were  given  each  season  to  tiir  croj)  grown  on  the  new  ar<;i. 
The  experiments  may,  then,  he  liivided  into  two  series.  They  were  carried  <tuf 
with  the  greatest  care,  and  the  results  ohtained  were  proportionately 
valuahle. 

The  aim  of  the  investigation  was  to  -npiily  a  much  felt  want,  (•/;..  -.Min.' 
definite  information  as  to  the  fertility  of  '"  hlack  cotton  soil"  for  wheat,  it 
was  generally  supposed  to  he  rich,  hut  w  hether  in  all,  or  only  in  some  of 
the  four  essential  constituents  of  plant  food,  no  one  tlien  knew.  It  had  fieen 
^nggested  that  its  f<n'tility,  like  that  of  other  Indian  soils,  might  lie  due  to  ;i 
laroe  amount  of  nitrogen  ohtained  as  ammonia  in  the  rainfall.  As  recently 
:as  189:^.  we  find  Dr.  Voelckci-  hazarding  the  opinion  that  the  soil  of  the 
Central  J'rovinces  did  not  require  manure,  and  that  that  of  the  Nagpur 
Farm  was  too  rich  for  experimental  purposes.  It  is  only  fair  to  say  that  Dr. 
Voelcker  had  not  had  the  opportunity  of  analysing  sainples  of  its  soil  :  nor. 
indeed,  would  any  analysis  have  given  much  accurate  or  practical  information 
as  to  its  fertility  at  the  stage  which  soil  analysis  had  reached  at  that  time. 
The  Ville  exjterimeuts  of  the  farm  wore  thus  designed  to  solve  a  prohlem 
of  a  most  practical  and  scientific  nature  —  a  j)rohlem,  too.  which 
up  to  that  time  had  not  received  half  the  attention  it>  importanee 
deserved. 

/■7/.4  Seriei<  »/  E.i-perimeids. — The  first  series  of  experiments  dates  from 
1884  to  1889.  Tlie  results  of  18M  I  ouiit.  as  the  ploU  were  overflooded 
that  year,  washing  the  highly  soluhle  manures  used  from  one  jdot  to  another, 
and  trivinff  results  so  discrepant  that  no  deductions  of  any  value  can  he 
made  from  that  year's  outturn.  The  fertilizers  were  employed  in  the 
following  proportions  jier  acre  : — 140  Ihs.  of  annnonia  chloride,  \^^)  Ihs.  of 
superphosphate,  90  Ihs.  of  sulphate  of  j)otash  and  1<>0  Ihs.  sulphate  of  lime. 
Their  ]iurity  is  not  recorded,  hut  tlie  (piantities  used  were  supposed  to  he  e«jual 
in  amount  to  what  a  1,260  Ihs.  croj.  of  wheat  per  acre  would  make  use  of. 
The   arrangement   of  the   plots   and    the   vield   of  grain  in   pounds  per  acre 
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4lurinor  the  first  four  years  were  as  given  below.     The  plots    were  each  1  20 
of  an  acre  in  size — 


Series  I 
uniirigated. 

Plot  I 

11 

III 

IV 

Y 

VI 

Year. 

Complete 
Manure. 

Phosphate 
omitted. 

Nitrogen 
omitted. 

No. 
Manure. 

Potash 
omitted. 

Lime 
omitted. 

188.3-4 
1S845 

1888-9 

2.n<io 

1,.380 
940 
810 

1.780 

1,465 

1,130 

630 

1.170 
920 

1,040 
690 

780 
735 
695 
690 

1.460 

1,270 

725 

560 

1,560 

1,3-20 

1.065 

590 

Average 

1,283 

1,251 

955 

725 

1,004 

1,134 

Mamii'ial  results  dependent  on  (/)  Bain  fall,  (it)  Rust. — In  examining 
these  results  what  strikes  one  first  is  their  marked  irregularity  from  year 
to  }ear  in  spite  of  the  fact  that  the  plots  have  had  the  same  manurial 
treatment.  Taking  the  unmanured  plot  as  our  standard,  we  find  that 
the  outturn  in  grain  per  acre  of  Plot  I,  with  the  complete  manure, 
is  nearly  three  times  that  of  the  standard  plot  in  1884,  while  in  1889. 
the  fourth  year  of  the  series,  it  only  exceeds  it  by  a  fifth  or  less.  \Vhile 
Plot  IV  has  only  varied  at  the  rate  of  dO  lbs.  per  acre,  the  variation  in 
Plot  I  is  actually  at  the  rate  of  1.220  lbs.  In  examining  the  meteorological 
conditions  of  the  two  years,  we  find  that  the  abundant  and  regular  rainfall 
of  1883-4  explains  the  bumper  crops  of  that  year.  The  manures  applied 
were  all  dissolved  and  thus  made  available  for  the  growing  crop.  In  the 
fourth  year  owing  to  the  lack  of  rain  in  September  and  October,  followed 
by  its  complete  failure  during  the  winter  months,  all  the  plots  germinated- 
badly,  while  the  manured  ones  could  make  but  little  use  of  the  fertilizers 
which  lay  dry  and  powdery  in  an  equally  dry  soil.  Plot  IV,  depending 
as  it  did  on  its  natural  fertility,  had  less  to  lose,  as  the  results  clearly  show. 

Rust  is  another  factor  that  goes  far  to  mar  the  success  that  would,, 
otherwise,  attend  the  application  of  fertilizers  to  the  wheat  crop.  In  the 
third  year  of  the  series,  for  example,  the  heavy  rains  and  cloudy  weather 
of  December  and  January  brought  on  a  virulent  attack  of  rust,  which 
reduced  very  much  the  gain  from  the  use  of  manure  in  that  year,  while 
the  unmanured  plot  suffered  comparatively  little.  It  seems  that  the  more 
succulent  crop  forced  up  by  manures  is  both  a  more  attractive  host-plant  for 
this  parasitic  fungus,  and  also  the  crop  being  so  much  denser  catches  up  far 
more  of  the  wind-carried  uredospores,  than  does  a  more  straggling  crop. 

Deductions  made  from  averaye  outturns.—  In  spite  of  this  irregularity 
in  the  results  from  year  to  year,  due    to    the    causes    just  explained,   still,. 
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takin<^  the  averu<;es  for  the  four  yi-ai:?,  we  have  -iitHcieiit  tiata  lor  liroaJ 
and  accurate  :'oneliision-;.  In  the  fir-t  phiee  an  aveia"e  of  only  72.')  Ih?. 
or  12  hushels  per  acre  from  thf  unmamin-d  |ih»t,  i<,  to  |iiit  it  iiiihllv, 
certaiiilv  no  indication  of  a  naiur.illv  rich  >oil  :  whih*  the  ascrai/e  increase 
of  5.')7  Ih^.  or  nearly  10  hu>ht'l>  ;;i)t  frDni  I'lot  I  is  aniph'  |iroof  of  the 
fact  that  the  .soil  was  ori«;inaliy  iackin;^  in  fertility,  and  wa-  for  tliat  rea-on 
very  responsive  to  the  application  of  the  fertilizer-.  In  other  words  IMol 
IV,  which  repre.seiits  fairly  well  the  natural  fertility  of  the"  Mack  cotteu 
soil"  of  the  Xaspur  country,  is  decidedly  delicieut  in  one  or  more  of  tiie 
four  essential  constituents  of  plant  fooil. 

Taking  next  the  averaii«^  lor  Plots  1.  111.  and  l\'.  w.-  notice  thaf 
nitrogen  accounts  for  an  increase  of  no  les.""  than  M2«S  Ihs.  o\er  the  nnmanured 
plot.  When  it  is  added,  Plot  1  yields  1,288  Ihs.,  hut  when  it  is  withheM,  as 
in  Plot  111,  the  yields  falls  to  iMo  Ihs.  While  nitrogen  alone  has  heeu 
beneficial  to  the  extent  of  an  additional  828  Ihs.  of  grain,  the  comhineJ 
increase  reaped  from  the  other  three,  <•/;.,  phosphates,  potash  and  lime,  only 
amounts  to  230  lbs.  Our  second  deduction  then  is  that  in  the  ca.se  of  this 
particular  soil,  nitrogen  is  by  far  the  most  deficient  constituent  of  plant  foot!, 
and  should,  therefore,  form  the  basis  of  every  nianurial  dressing  applied  to 
wheat  on  such  a  soil. 

The  luti'otjenoits  manure  more  effect  ice  on  irrigated  land.  —  It  we  now 
compare  series  (1)  which  was  unirrigateil,  with  series  (II)  the  plots  of  which 
received  one  to  two  waterings  each  year,  we  note  that  under  irrigatioii 
nitrogen  is  comparatively  even  more  effective  ;  for  while  the  three  mineral 
fertilizers  raise  the  outturn  by  only  11  lbs.,  the  nitrogen  of  the  ammonium 
chloride  accounts  for  a  gain  of  413  H)?..  as  seen  below — 


Plw  I. 

11. 

III. 

Nitrogen 
uinittid. 

805 
710 
105 
4.30 
465 

l\'. 
Xo  Manure. 

v. 

Series  II  irrigated. 

Conipleto 
Manure. 

Phosphate 
omitted. 

1.270 

1,500 

325 

799 

870 

Pota-li 
uniittcd. 

189091    .. 
1891  92  ... 
1892-9:?  ... 
18*3-94  ... 
1894  95  ... 

1.4.35 

l.2:» 

480 
786 
652 

76.-) 
710 
1.30 
.374 
482 

I.4.V1 
1.410 

,'v:i-> 

tilNi 
740 

Averages 

916 

95.3 

.103 

4<>2 

955 

VI. 


l.illlO 

uniittcd. 


i.270 

1,240 

4I."i 

7S2 

7.35 


H88 


The  one  or  two  waterings  were  sutHcient  to  dissolve  the  annnoninm  chlo- 
ride, and  in  this  slate  it  was  available  to  the  growing  crop,  in  spite  of  the 
conditions  of  drought  which  prevailed  .luring  the  ral'i  season  in  18i»3.  That 
the  averaae  outturns  of  .-series  II  are  nevertheless  lower  than   tho.se  of  series 
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1  is  due  («)  to  the  crops  of  1891,  1893  and  1894  being  attacked  by  rust, 
and  {h)  to  the  fact  that  the  field  chosen  as  the  site  for  these  experiments  had 
received  no  manure  for  the  six  years  previous  to  its  selection  for  this  pur- 
pose. These  two  causes  combined  will  explain  the  low  average  yield  of 
492  lbs.  got  from  the  unmauured  plot. 

Hesults  given  fn/  tlie  three  mineral  manures. — While  the  results  of  both 
series  show  a  great  uniformity  in  the  splendid  results  given  by  all  the  plots 
to  which  nitrogen  was  given,  we  find  those  given  by  the  mineral  manures 
used  are  so  erratic  that  no  very  definite  conclusions  as  to  their  comparative 
merits  can  be  drawn  from  them.  At  first  sight  one  is  apt  to  argue  from 
the  figures  of  Plot  III  of  series  II,  that  these  three  mineral  foods  are  not 
deficient  seeing  that  when  all  were  applied  and  watered  on  that  plot,  they 
only  raised  the  outturn  by  11  lbs.  over  the  uumanured  plot.  But  this 
line  of  argument  may  manifestly  prove  to  be  fallacious,  for  as  that  plot 
had  no  nitrogen  applied  to  it,  it  suffered  from  nitrogen  starvation,  and  no 
matter  how  much  other  soluble  plant  food  is  added,  the  crop  can  make  no 
use  of  it  so  long  as  there  is  no  available  nitrogen.  Just  as  in  the  feeding  of 
animals  very  much  depends  on  the  proportion  between  the  nitrogenous  and 
non-nitrogenous  digestible  constituents  of  food,  and  just  as  that  ratio  varies 
considerably  for  the  different  kinds  of  livestock,  so  the  healthy  growth  of 
any  one  crop  is  determined  by  the  "  nutrient  ratios  "  of  the  essential  food 
constituents  with  which  the  soil  is  supplied.  Hence  the  productiveness  of  a 
soil  comes  to  depend  entirely  on  that  essential  food  which  is  present  in  the 
least  proportion.  Though  Plot  III  has  been  abundantly  supplied  with  phos- 
pate,  potash  and  lime,  these  are  of  no  avail  so  long  as  no  definite  proportion 
of  nitrogen  is  applied  along  with  them. 

To  estimate  the  relative  values  of  these  three  mineral  fertilizers  we 
must  see  how  the  absence  of  each  in  turn  affects  the  outturn.  Taking  first 
the  average  for  Plot  II  of  each  series,  we  find  that  the  effect  produced  by 
withholding  superphosphate  from  the  manure  applied  gives  no  definite  results 
in  favour  of  the  use  of  that  salt.  No.  II  dry  plot  suffered  an  average  loss  of 
only  31  lbs.  when  it  is  omitted,  while  the  wet  plot  actually  did  better  with- 
out it.  Phosphoric  acid  is  evidently  present  in  the  soil  of  the  Nagpur  Farm 
in  sufficient  abundance  to  meet  the  requirements  of  any  such  cereal  crop 
as  wheat.  This  is  not  what  one  with  a  knowledge  of  western  agriculture 
would  have  anticipated,  British  and  American  agriculturists  who  use 
chemical  manures  for  wheat  generally  find  that  it  pays  to  use  phosphate  in 
some  form  along  with  some  nitrogenous  manure.  The  fact  that  the  ash  of 
wheat  grain  contains  46  per  cent,  of  phosphoric  acid  points  to  its  importance 
for  this  crop.     Comparing  the  averages  of  Plcts  V  and  VI  with  Plot  I  in  both 
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series,  it  will  be  seen  that  while  on  the  dry  jtlot  it  i-;  |»uta;ih,  on  the  wet  plot 
it  is  the  calcium  sulj)hate  that  is  the  more  henelicial  :  on  the  whole  the  r.-- 
r^ults  will  not  justify  the  assumption  that  either  is  actually  ilelicient  in  mir 
*' black  cotton  soil."  llail  they  been  ilelicient,  then  they  shouM  have  ««xert- 
■ed  their  full  I'orce  on  the  wet  plots  to  which  they  were  applied  ;  but  iiHfead 
•of  that,  the  plot  witbout  potash  ;rave  on  an  aver.i^^e  a  better  crop  than  di  I 
the  complete  manure  on  Plot  I.  while  the  :ivera<;e  lor  th»'  i>Kjt  iVum  whirij 
lime  was  withheld  has  sutiered   very  little. 

It'  the  soil  is  not  actually  laekin^f  in  pota^ii  and  lime,  how  then  can  w.* 
account  for  the  fact  that  they  have  ^^iven  an  average  increase  of  27S  ami 
IJ:^  lbs.  respectively  per  acre  on  the  dry  iilois;'  This  may  be  due  to  either 
of  two  reasons,  or  more  probal»ly  partly  to  both.  They  may  have  some  »mall 
effect  in  forcincr  on  the  crop  in  virtue  of  the  tact  that  they  supply  it  with  ;• 
very  soluble  and  inunediately  available  supply  of  plant  food  at  th«*  critic;! I 
time  at  which  it  is  most  re(|uired.  This  is  «juite  in  keeping  wiih  our 
assumption  that  there  was  no  pronounced  lack  of  either  to  start  with.  T.ut 
a  second  and  jnore  probable  explanation  of  the  results  may  be  that  the 
increases  produced  by  these  two  manures  are  not  so  much  d\w  to  their 
intrinsic  values  as  plant  food,  as  to  their  chemical  eti'ect  in  increa-^in^ 
the  supply  of  nitrates  in  the  dry  soil  :  for  nitrojien  is  ap|>arently  the 
■one  ingredient  which  regulates  the  fertilitv  of  this  particular  soil.  The 
saltish  nature  of  the  potassium  sulphate,  more  es|)ecial]y,  would  to  a  -mall 
•extent  at  least  act  as  a  solvent  on  the  ammonium  chloride. 

C/ieinictil  and  prartiral  anal //sis  nnnpareil. —  Let  us  now  compare  the 
practical  analysis  with  an  u]t-to-date  chemical  one.  In  iSi'tJ  Dr.  Leather 
made  the  four  following    analyses  of  soil  from  the  Nairpur    Exj)erimeutal 

Farm  : — 
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These  are,  as  far  as  I  know,  the  only  analyses  available.  Three  of  them 
are  not  very  suitable  for  our  purpose,  seeing  that  they  were  taken  from  a 
series  of  continuous  wheat  experiments  which  had  at  that  time  been  in 
progress  for  eleven  years,  so  that  in  the  case  of  the  unmanured  plot  at  least, 
the  analysis  represents  the  unexhausted  fertility  of  the  soil  after  eleven  years' 
continuous  cropping  without  manure.  From  the  figures  given  we  can  calculate, 
though  very  roughly,  what  the  initial  fertility  of  that  soil  must 
have  been. 

Nitrogen. — In  the  first  place  we  note  that  the  total  nitrogen  is  very 
low^  in  all  the  plots.  An  average  soil  in  England  will  contain  about  0*1  per 
cent,  of  it.  Dr.  Dyer  found  0*099  per  cent,  in  the  unmanured  plot  of  the 
liothamsted  Wheat  Experiments  after  it  had  given  fifty  crops  in  succession 
without  manure,  and  the  Rothamsted  soil  was  just  of  an  ordinary  type  when 
the  experiments  began,  and  certainly  not  richer  in  dormant  plant  food 
than  the  majority  of  heavy  English  soils.  Compared  with  that  soil,  our 
fitrures  for  nitrogen  are  exceptionally  low.  After  having  its  resources  drained 
for  fifty  years,  the  Rothamsted  soil  still  contains  a  half  more  total  nitrogen 
than  our  "  black  cotton  soil,"  wdiich  even  as  in  plot  A-6  has  been  fed  up  for 
eleven  years  at  the  rate  of  6  tons  of  cattledung  per  acre  ;  and  it  contains 
more  than  twice  as  nmch  as  our  plot  which  had  been  continuously  green-soiled 
for  that  time.  That  the  total  nitrogen  in  the  green-soiled  plot  should  be 
le.ss  than  it  is  either  in  the  unmanured  or  in  the  typical  soil  sample  is,  I  con- 
fess, a  great  mystery  to  me.  It  would  seem  to  point  to  a  probable  difference 
in  the  natural  fertility  of  these  plots  to  start  with. 

Liiiie. —  Dr.  Leather  includes  lime  in  only  one  of  his  analyses.  His  figures 
show  that  there  is  abundance  of  this  ingredient.  One  half  per  cent,  of 
lime  in  the  first  nine  inches  of  soil  is  considered  sufficient  for  arable 
land. 

Potash, — Our  chemical  and  practical  methods  of  soil  analysis  are  in 
complete  agreement,  then,  as  far  as  both  the  nitrogen  and  lime  of  the  soil  are 
concerned.  They  also  agree  in  showing  that  there  is  a  sufficiency  of  avail- 
able potash.  Dr.  Dyer's  method  of  analysis,  on  which  Dr.  Leather's  was 
based,  has  shown  that  when  an  ordinary  arable  soil  contains  0*01  per  cent, 
of  available  potash  and  phosphoric  acid  respectively,  in  its  surface  layer  of 
nine  inches,  it  stands  in  no  immediate  need  of  special  applications  of  these 
for  cereal  crops.  Dr.  Dyer  used  a  one  per  cent,  solution  of  citric  acid  as  his 
solvent,  and  considered  that  its  dissolving  power  on  potash  and  phosphates 
represented  fairly  well  the  dissolving  strength  of  the  acid  secretions  of  the 
roothairs  of  an  ordinary  crop.  In  a  soil  the  potash  and  phosphoric  acid 
.'roluble   in  this  solution  were,  therefore,  considered  as   '*  available  "    for   the 
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crop.      In  no  case,  it  will    Ik-    -jm-m.    Aix--    tin-    UNailaMi-    I'tiia-li   (;il|    x,    low- 
as  this  standanl. 

I^/iOitj>/ti)ric     ((tv'./.-    Lookin<f     lastlv      at     the    |M'rr»'Ufa^c>    of    availalil«' 
[tbosphorie  acid  as  "iven  in  the  cLcMiical   aiialsx'-.  \\r  liml  what  at  liist  sjuht 
ajijiears  to  point  to  u  niarkcil  tliscit'iiaiicy  lu-twei-n  thf  two  inclhod^  <»(*  anah- 
.»i>.     The  analyses  of  plots  A-i<  ami  A-7  -how  only  (t(M>>  uml  (t-lMiT  |„.|-  c-iit. 
(t\'    j'hosphoric     aci.l      respectively.     Tlu'-e    plot-,     liowe\er,   do    nut    tairlv 
represent    the   avera;;e  initial    I'l-rtility    ot"  tin-   -oil   >>{   tin-   Naji^'piir  Farm,  hut 
only    its    t'eitility   alter     havinif     unilerjionr     a     ;;railiial     cxhaii-tion    of   its 
])lant     looJ     hy     eleven    years'    coutiuuou.-    iroppin;.;.       Still    thr-t*     re>iill.>^ 
cannot    he  said  to  corrohorate  thoroti^ihly  the  tindin;;s   of  the    \'ille    KxjKMi- 
nierits.      If   there   had   heen   ahumlaru-e    ot"  phosphoric  mid  in  Plot-  A-S  and 
A-7   to   start    with,  the  7    Ihs.  per  acre  or  less  renu»\cd  l.y  ihf  cmp  annually 
would  not  account  for  the  low  Hijures  shown  hy  tlie  eh«'niical  anal>-es.  uide>^ 
the  amount  lost  hy  surface  w^ash  anddrainaife  is  very  niiuh  ;:reat»r  in  Indian 
soils  than  in   an  average  English  soil.      In  the  ca:»e  ^if  the  nnniannred  jtlot  in 
the  Broadbalk  field  of  the  Kothain-ted   Experiments,  for  in-tame,  the  iK*rcen- 
tage  of  available    phosphoric  acid   in  that  soil  of  oidy  avejajje  fertility  was 
found    to  be  Ol)078  after  it  had  given  hfty  crojis   of  wbe-at    in   -mcesision.     ft"' 
the  samples  analysed  were  ty])ical  of  the  huii  of  the  Nagpiu   Faini.  then  thtit 
soil  must  either  have    contained  initially  less    than    tin-  normal  ijuantitv  of 
available  phosphoric  acid  for  an  average  soil,  or  if  it  dul   contain   al)uniiance, 
it  must  have  lost  a  cpumderable  (juantity  that  cannot    be  accounted  for  in  the 
CI  ops  produced.     English  soils  .-ntfer   \cry    little  loss  of   jhosphoric   acid  hy 
drainage,  bat  the  conditions  here  being  dilTerent,  may  gi\e  dit!fient   residts. 
Ferhaj»s   some   fresh    light   may    be   thrown   on     the    tjuestion    by    the   moro 
representative    analyses   of     our    soils    which    are    now   being    carried    out, 
including  as  tiiey  do  not  only  samples    from  plots   exhan-ted    by    a    twenty 
years'    continuous    cropping,   but   al.-o    samples    t\|ical    of  the  soil's    iniijal 
fertility. 

^J lie  ifeolocficat  cnndlffuiif  of  t/u  .<"//.  It  may  be  interesting  now  to  see 
bow  our  Ville  Experiments  harmonise  with  what  we  know  of  llie  genera! 
ifeoloffical  conditions  of  the  Xagpur  -oil.  The  soil  consists  mainly  of  iho 
debris  of  trap  rock  and  reaches  a  depth  of  from  fi\c  to  -ix  t'ft't.  It  contains 
but  few  stones.  Those  that  are  found  are  commonly  angidar  lump;;  of* 
gneiss  and  lime  -tone  and  more  lu^dular  pieces  of  quart/  of  different  tlegrees 
of  purity,  but  generally  coloured  with  ir.>n.  The  toil  wlim  iii..i-t  is  dark  in 
colour  and  changes  to  a  darkish-grey  on  drying,  i  he  dark  colour  is  due  to 
the  presence  of  certain  colouring  mineral  matter  and  intt  to  decayed  vegeta- 
tion as  was  formerly  believed  to  be  the  ca-e.      What  that  colouring  matter  i^ 
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-we  leave  to  o;eolooists  to  decide.  Tlie  surface  soil  shows  abundance  of  lime 
which  exists  in  small  seedlike  specks  in  every  lump  of  earth  examined. 
When  one  of  these  lumps  is  placed  in  hydrochloric  acid,  great  effervescence 
takes  place,  and  on  the  lime  being  decomposed,  the  whole  lump  of  earth 
crumbles  down.     The  soil  is  fairly  retentive  of  moisture  and  becomes  very 

:  adhesive  when  wet,  clinging  to  the  sole  of  the  boot  with  a  putty-like  persis- 
tency when  one  walks  over  it.  On  drying,  it  cracks  freel}'  to  a  depth  of 
two  or  three    feet.     The    immediate   surface    soil,  too,    crumbles   down   into 

:  a  very  line  tilth.  Its  sticky  quality  when  wet,  and  its  tendency  to  crack 
and    pulverise    when   dry.     are   due     to  the    presence     of    colloid    material 

.  consisting  of  finely  divided  clay  particles.  These  particles  are  coagulated 
by  a  clotting  agent — carbonate  of  lime  in  this  particular  case.  On 
drving,  the  soil  cracks  freely,  and  the  surface  becomes  covered  with  an 
apparently  coarser  grained  material  than  that  of  which  the  bulk  of  the 
soil  is  composed,  forming  a  fine  surface  tilth.  Being  of  a  mineral 
origin  it  is  deficient  in  organic   matter,   which  is  the  chief  source  of   a  soil's 

.nitrogen. 

General    cniiiitisioiis — All    our    different   methods    of  examination    then 

■dead  to  the  same  general  conclusions,  viz.,  that  our  "  black  cotton  soil " 
is  only  second  class  in  quality,  and  that  its  great  defect  lies  in  its  want  of  a 
sufficient  supply  of  any  form  of  nitrogen.  It  may  be  that  in  our  tropical 
climate  with  the  average  temperature  approaching  the  optimum  for  bacterio- 
logical action  in  the  soil,  the  rapid  decay  of  organic  matter  thus  jiroduceil 
may  be  opposed  to  any  accumulation  of  nitrogen.  Undoubtedly  the  soil  is 
rich  in  lime,  too,  which  would  facilitate  the  process  of  decomposition.  To 
this  is  to  be  added  the  fact  that  the  native  cultivator  is  not  in  the  habit  of 
using  manure.  These  three  factors  combined  may  ex})lain  the  p>overty- 
stricken  state  of  our  soil  in  nitrogen. 

How  we  may  most  economically  supply  this  nitrogen  is  evidently  a 
question  of  the  ver}'  greatest  importance  to  the  raiyat.  Before  recommend- 
ing the  use  of  highly  soluble  nitrogenous  manures,  we  must  prove  in  the 
first  place  that  the  cost  of  the  manure  is  more  than  covered  by  the  value  ot 
the  increased  produce,  and  in  the  second  place  that  the  soil  suffers  no  dete- 
rioration when  continuous  applications  are  made.  It  was  not  the  object  of 
the  Yille  Experiments  to  investigate  either.  Attention  may,  however,  be 
drawn  to  the  apparent  exhausting  power  of  nitrogen  as  shown  by  the  results 
of  both  series.  Leaving  out  the  results  of  the  year  1892-3,  which  were 
abnormally  low  all  round  owing  to  a  bad  attack  of  rust,  we  note  that  with 
the  exception  of  Plot  II  of  series  II,  the  outturns  of  the  plot  to    which   am- 

.monium  chloride   was  added,  diminish  faster  than  do    those  of  other  plots. 
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T:ikiii«i  the  two  series,  aiitl  tilt*    initial   y.w  of  each   a-    Ino.   th«*  result-   tor 

■'lUH't'^sivo  vpars  varv  as  toHiiw.-.  : 


II 


III 


l\ 


VI 


-  1883-4 

100 

1(NI 

lIKI 

IIH) 

UNI 

l(>a 

1SS4-.-I 

ti9 

s-j 

79 

94 

s7 

S.-S 

X 

.2 ' 

1HS5-Ii 

47 

6:{-5 

S9 

S9 

.» 

US 

3 
x 

ISSS-il 

40-5 

:« 

.•.9 

>N-.") 

:!s 

:« 

.    Loss 

o9-5'>: 

6.-j„ 

41 

1 1  •:. 

•ij 

li*.'. 

■   1890i>l 

100 

UM( 

1(11 

llNI 

lINI 

IINI 

lS9l-iJ-J 

sd 

IIS 

SS 

!•:; 

99 

•N 

n^ 

189-2-9:? 

Oniitte<l 

Omitted 

Omitted 

( hiiittvd 

Oiiiilted 

Omitte«i 

J- 

1S93-94 

55 

(« 

:.:{ 

49 

4-.' 

«•.' 

1^ 

lS9t-95 

4(3 

6Sa 

5M 

»W 

r.! 

."» 

-    Loss 

54°/ 

:n%v/ 

42° 

nr- 

n 

4.1- 

It  may  be  inferred  that  the  aiMition  uf  M)lultie  niiro^ienous  5alt<,  at 
anv  rate  as  chloride  of  ammonia,  as  manures  on  "  bhu-iv  cotton  .soil"  in 
India,  is  fatal  to  the  future  fertility  of  the  land,  hut  mueh  more  evidence  is 
retiuireil  before  this  inference  can  be  accepted  as  a  fact.  In  the  Western 
Hemisphere  tbe  evil  effect  of  nitrate  of  soda  on  certain  soils  is  recoj»niseil 
bv  the  intellisent  farmer.  Wlien  be  continues  to  use  it  for  cereals  he  finds 
that  he  generally  gets  a  gradually  diminishing  yield  from  its  u-e.  This  he 
sometimes  wrongly  attributes  to  a  sujijiosed  injurious  chemical  etiect  that 
this  manure  has  on  the  soil. 

The  object  of  the  Ville  Experiments,  however,  was  merely  to  determine 
in  which  of  the  e.ssential  ingredients  of  plant  food  our  •'  l>lack  cotton  soil  " 
is  deficient.  Questions  relating  to  soil-exhaustion  and  to  the  most  econo- 
mical forms  in  which  to  apply  nitrogen  as  a  manure,  have  been  investigated 
by  another  series  of  continuous  manurial  experiments  with  wheat  which  have 
been  in  progress  for  the  last  twenty  years.  A  critical  examination  of  the 
results  of  these  will  form  the  subject  of  a  future  article  which,  while  showing 
the  most  profitable  rcanures  that  the  ordinary  cidtivator  shoidd  u<e  for  wheat, 
will  also  throw  new  light  on  the  <iuestion  of  how  that  soil  has  been  atl'ected 
by  the  continuous  application  of  the  dit^erent  manures  employed. 


CO-OPERATIVE  CREDIT  IN  BENGAL. 

By  W.   TJ.  GOURLAY,  i.c.s., 
*  Jieijistrar  of  ('o-ojj<'ri>tire  Credit  SdcipJie-s,  Bengal. 

While  the  problem  of  the  improvement  of  Indian  agriculture  is  being 
attacked  from  the  exjierimental  and  the  research  side  by  the  Imperial  and 
Provincial  Departments  of  Agriculture,  the  more  important  question  of 
financing  the  agriculturist  has  not  been  forgotten.  It  is  remarkable  that  the 
industry  bv  which  over  eicrhty  per  cent,  of  the  population  live  is  supplied 
with  most  of  its  capitrd  at  a  rate  of  interest  varying  from  25  to  50  per  cent, 
per  annum.  Any  other  industry  wouhl  die  under  such  conditions,  but  the 
agricultural  industry  cannot  die  ;  it  is  the  ryot  who  dies.  He  cannot  turn  to 
ii  more  lucrative  occupation  when  agriculture  does  not  pay  ;  he  either  starves 
or  becomes  hopelessly  indebted  and  the  slave  of  the  money-lender.  If  the 
problem  of  financing  agriculture  can  be  solv^ed,  the  benefit  to  the  ryot  will 
be  greater  and  more  direct  than  the  saving  occasioned  by  new  methods  of 
agriculture  or  the  profit  to  be  gained  from  a  greater  outturn.  Without  the 
use  of  capital  at  a  reasonable  rate,  the  agriculturist  will  be  unable  to  take 
advantage  of  new  ways  and  means.  The  success  of  the  results  of  research 
and  experiment  depend  directly  on  tlie  success  of  the  effort  to  supph^  the 
ryot  with  capital  at  a  reasonable  rate. 

Cheap  capital  or  facile  credit  is  not  necessarily  a  boon  in  itself. 
Switzerland  has  organised  a  system  of  cheap  credit  with  the  result  that 
()0  per  cent,  of  the  land  is  now  mortgaged.  The  present  and  past  genera- 
tion have  merely  discovered  a  system  of  robbing  future  generations  of  a 
portion  of  their  means  of  livelihood.  Any  increase  in  comfort  has  been 
ol)tained  at  the  expense  of  their  children's  children.  If  credit  of  this  kind 
were  supplied  to  India,  the  ryot,  who  formerly  was  in  a  position  to  borrow 
Rs.  100  from  his  mahajan  for  his  daughter's  marriage  and  pay  50  per  cent, 
per  annum  for  the  accommodation,  would  simply  spend  more  on  the  marriage, 
and  so  land  himself  deeper  in  debt.  With  credit  cheap  he  would  purchase 
more. 

The  question  has  thns  two  sides,  commercial  and  economic.  A  .sj'stem 
of  finance  which  might  prove  a    connnercial    success    would   not    necessarily 
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prove  ail  economic  success,  but  the  system  which  promises  to  he  an  ecotiomie 
success  must  be  based  on  commercial  principh»s.  The  commercial  side  mav 
be  shortl}'  stated  thus : — the  ryot  is  rea<ly  to  borrow  a  sum  of  money  t\»r 
which  iie  is  at  present  paying  interest  from  2")  to  ')0  per  cont.  or  more  :  th<' 
majority  ot"  ryots  have  good  security  to  otfer  for  the  sum  which  they  rcciiiire. 
while  the  capitalist  has  money  to  lend  on  good  security  at  G  per  cent.  Tlic^c 
two  have  to  be  brought  together  for  their  mutual  benefit.  It  would  In*  easv 
and  commercially  profitable  for  the  State  to  set  up  an  agricultural  bank 
provided  with  special  summary  powers  for  collecting  its  dues,  hut  -nch  a 
svstem  would  not  benefit  the  agriculturist  in  the  louir  run. 

It   is   impossible  for  the  large  capitalist  to  come  into  direct  contact  with 
the  small  cultivator.     The  capitalist  has  no  local  knowledire  of  the  individual, 
he  has  no  agency  for  collecting  small  loans,  and  he  could  not  keep  miIlioM<  i»i' 
small     accounts.      There     must     be     some    intermediate    organisations.      In 
Germany  this  has  been  found  in  Co-operative  (^redit  Societies,  and    in    Iiidi;i 
an    attempt  is  being  made  to  create  a  similar  organisation.     This  svstem  aiiii< 
at  capitalizing   the   lionesty   of  the  villages.     Wiiere  anything  in  the  shape 
of   a    village   communitv    exists,    the    maioritv   of  the    cultivators    have    a 
character  for  honesty,  often  not  extending  beyond  the  narrow  limits  <>f  the 
village,  but  within  these  limits  most   transactions  take    place  without    any 
written   bond,  the  man's  word   being  sutHcient.     On  this  honestv  a  certain 
amount  of  credit  is  based  :  it   mav  he  a  credit  of  onlv  a  few  rupees,  lint  the 
measure  is  known  to  the  villagers.    They  know  exactlv  how  much  a  man  ou<T|it 
to  spend  and  how  much  he  can  earn.     We  want,  tlierefore,  to  teach  the  people 
to  amalgamate  this  village   credit  and  jointly  borrow    a    sum   suthcient    to 
meet  the  needs  of  the  whole  village.     The  capitalist  does  not  know  whi(di 
cultivator  is  good  for  Rs.  .')  and  which  for  Rs.  100  :  he  does  not  know  who 
requires  Rs.  20  to  finance   him  ami   who  requires  three   times  that  sum  :  he 
does  not  know  who  is  already  hopelessly  involved    and  who  can  repay.      If  is 
the  villaijers   alone    who   have   all    the   intbrmation.     On  the  other  hand.  th»- 
capitalist  can  see  that  the  whole  village  is  gooil    for  the  total   sum    required. 
The  ryots  take  the  responsibility  for    dividing  the  money,  of  collecting  j»rin- 
cipal  and  interest,  and  of  keeping  the  separate  accounts.     This  organisation 
of  credit  must  be  the  bed  rock  on  which  any  system  of  agricultmal    finan«'e 
is  based,  and  wherever  a  village  exists,  it  will  be  found  that  the    ryot's  credit 
in  his  own  village  is  better  than    his  credit   an^'where    else.     The  individual 
may  have  a  character  for  honesty  in  his  caste,  but  his  cr.^dit  in  his  village  will 
be  greater  than  his  credit  with  his  ('aste. 

There  is  no  doubt   that    in  this  we   have  the  germ  of  a  solution   of  this 
great    financial    problem,  but  the  question   remains    how   to   proviile  against 
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the    evils    of   facile    crediL      Bv    oroanising    the    villaofe   and    makinor   the 
members   jointly    and  severally    responsible,    we  create  a  check  on  excessive 
expenditure    and   prevent  the    individual  from    robbing    his   children.     The 
village  will  not  lend  to  the  individual  unless  they  see  a  prospect  of  the  money 
being  repaid  within  a  reasonable  time  and,  moreover,  they  will  not  lend  unless 
they  consider  the  expenditure  necessary.     A  man  is  not  tempted  to  spend  on 
display  more   than  he   can   afford  when    he  has  to  run  the  gauntlet  of  public 
opinion,  and  the   village  will  not  lend  him  more  than  he  can  repay  when  they 
realise  their  joint  responsibility.     Further,  there  are  so  many  necessary  use& 
to  which    the  members  can  put  the  money  that  they  will  not  give  out  money 
for    unnecessary    expenditure,   and  if  the  member  turns  to  the  money-lender 
aoain,  his  name  is  removed  and  the  privilege  of  borrowing  at  a  low  rate  ceases. 
There  are   at    present  in    Bengal  86   experimental  village  societies,  and 
the  majority    of  these    show    every   sign  of  ultimate  success.     These   pioneer 
societies  are  distributed  over  twenty-two  of  the  thirty-two  districts  in  Bengal. 
The  capital  has  been  raised  partly  from  Government  and  Wards'  Estates   and 
partly  from  private  sources.     The  societies  pay  from  6  to  12^  per  cent,  for  the 
money  borrowed,  which  they  lend  again  at  from  12^   to  18f  per  cent.     The 
whole  of  the  profits  go   to  a   village   fund   from   which   the  original   capital 
borrowed  will  be   repaid,  and   the  village  will  then  be  in  a   position    to  carry 
on  their  society  with  a  capital  of  their  own  sufficient  for  all  ordinary  seasons. 
Working   on    these  lines,  steady    progress    has  been   made   during  the  last 
eiirhteen  months.     Wherever  a  village  communitv  can  be  found,   the   scheme 
will  succeed,  but  in  parts  of  Eastern  Bengal  where  the  cultivators  do  not  live 
in  villages,  some  modification  will  probably  be  necessary.     The  societies  have 
been    founded    in  villages  which  are  not  heavily  indebted,  because  they  offer 
the  best  field  for  initial  effort,  but  as  soon  as  the  neighbouring  villages  see  the 
benefit,  they  also  demand  similar  societies  in  order  to  pay  off  their  debts   and 
start  afresh.     At    present  the   societies   are  small,  with  a  capital  of  Rs.  20Q 
to  Rs.  300,  which  is  often  sufficient  to  finance  a  small  village,  and  such   little 
societies  are  the  best  ground  for  observation  and  experience. 

Three  grain  banks,  run  on  co-operative  lines  by  a  zemindar  of  Dacca, 
have  attracted  much  public  interest,  and  it  has  been  recommended  that  such 
golas  should  be  opened  all  over  the  Province.  The  question  of  establishing 
grain  (/olas  is  one  of  some  difficulty,  and  so  far  only  two  have  been  registered 
in  this  Province.  The  price  of  grain  ruled  high  this  year,  so  that  those  with 
surplus  stocks  were  eager  to  sell,  while  those  with  short  crops  had  nothing  to 
deposit.  A  grain  bank  requires  much  supervision,  and  it  seems  impossible  to 
run  it  in  Bengal  as  anything  but  a  store  of  food  grain.  The  diffei'ent  varie- 
ties of  paddy  sown  by  the  cultivators  of  a  single  village  are  so  very  numerous 
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that  tho  individual  cannot  rely  for  his  seed  upon  the  freneral  stock  in  u  "rain 
bank.  Under  such  conditions  tho  only  method  of  ninnin"  a  seed  association 
is  to  purchase  the  variety  of  seed  indented  for  hy  caih  nieml)er,  and  to  use 
the  collection  in  the  i/ola  as  food  <^rain.  The  ryots  readilv  use  mixctl  "rain 
for  food,  l)nt  seed  grain  must  be  specially  selected  and  true  to  varietv  Fur 
the  foUowini;  year  a  suthcient  (piantity  of  the  stock  must  be  sold  and  tlu»  next 
year's  seed  grain  purchased.  The  surplus  stock  must  be  sold  as  soon  as  tho 
new  year's  grain  is  harvested,  for  paddy  deteriorates  after  one  vear.  All 
these  little  transactions  mean  a  large  amount  of  labour,  and  it  is  difficult  to 
get  rid  of  the  custom  whereby  everyone  who  touches  the  grain  (^ets  a  certain 
j)ercentage.  For  these  reasons  1  have  come  to  the  conclusion  that  on  the 
whole  it  is  easier  to  found  successful  money  societies  than  seed  banks  ;  the 
temptations  are  fewer  and  the  trouble  of  management  is  not  so  "reat. 

At  present,  however,  one  experiment  on  a  large  scale  is  being  made.      In 
the  Sonthal  Parganas  the  Deputy  C!ommissioner  has  carried  on  a  grain-lendin;i 
business  for  some  years  for  the  benefit  of  the  ryots  of  the  Government  Estate 
and  the  Wards'  Estates  under  his  charge.     There  are   </olfis  at  four    centres 
with  a  total  capital  of  nearly  25,000  maunds  of  paddy.     Loans  were  made  to 
individual  cultivators,  but  the   business  soon  assumed  such  proportions  that  it 
got  beyond  the  management  of  the  Deputy  Commissioner  without   the  assis- 
tance of  a  special  staff.     The   defects    of  the    system    were    the  difficulties 
of  checking  the  accounts  and  the  stock;  the   high  cost  of  the  manairemcnt 
owing  to  the  payments    made  to    headmen    and    others    for    collecting  the 
debts  ;  and  lastly,  the   exactions  at  all  times  of  weighment  and  check.     In 
consequence  the  rate  charged  was   not    smaller   than   the  rate  at   which  the 
ryot  could   borrow    from    the   village   grain   dealer.      L'ndcr   the   new   rules 
recently  drawn  up,  loans  will  in  future  not  be  made  to  individuals,  but  only 
to  batches  of  ten  on  the  joint  and  several  bond  of  the  whole  numi)cr.     If  any 
batch  chooses,  it  may  be  registered  as  a   co-operative  society.     In  such  ca.ses 
the  loan   will  be   treated   as   the  capital    of  the  village    bank   and    half  the 
interest  will  be  credited  to  the  village  :  in  other  cases  the  full  interest  and 
capital  must  be  paid  annually  direct  into  the  central  Wu.     Loans  to  societies 
are  repayable  in   four  equal  annual   instalments  commencing  from  the  end  ol 
the  third  year. 

Success  in  all  these  experiments  will  not  come  at  once.  It  is  necessary 
to  be  patient.  Raitlesen  started  his  first  bank  in  1849,  a  second  in  1854, 
and  it  was  not  till  nearly  forty  years  later  that  the  movement  made  rapid 
strides.  In  Bengal  there  are  already  over  three  score  societies  working  on 
sound  principles,  and  this  tends  to  show  that  we  are  on  the  road  to  a  successful 
solution  of  the  problem  of  financing  agriculture. 

15 


CYANOGENESIS  IN  PLANTS. 

By  J.  WALTER  LEATHER,  ph.d.,  f.i.c, 
Imperial  Agricultural  Chemist. 

Of  the  experiments  made  in  the  chemical  laboratory,  many  are  carried 
from  the  stage  of  pure  science  to  that  utilitarian  platform  which  makes  the 
work  serve  the  every  day  use  of  man.  Cyanogeuesis  in  plants  is  a  case 
in  point,  as  it  has  to  do  with  a  certain  class  of  compounds  which  are  a 
cause  of  occasional  poisoning  of  farm  animals.  As  the  subject  has  a  direct 
interest  to  the  agriculturist,  I  propose  to  try  to  explain  the  nature  of  these 

compounds. 

The  chemist  has  constantly  to  use  difficult  words  of  numerous  syllables 
each,  but  he  is  not  alone  in  this  practice.  Other  scientists  offend  equally 
a^  much  in  this  matter.  But  if  the  chemist  pleads  guilty  to  the  use  of 
lono-  words,  he  can  at  least  offer  the  defence  that  the  syllables  have  a  definite 
meaning.  The  title  of  this  article,  due  to  Professor  Wyndham  Dunstan, 
is  more  readily  appreciated  if  its  derivation  is  explained.  This  is  cyanogen 
and  genesis.  The  latter  requires  no  further  remark  ;  the  former  does. 
Cyanogen  itself  is  of  no  very  direct  importance  to  the  subject  in  hand,  but 
the  word  occurs,  and  a  near  "  relative "  or  "  derivative,"  as  the  chemist 
says,  will  be  spoken  of. 

The  man  in  the  street  knows  something  about  atoms  ;  that  they  are 
the  chemist's  units  of  matter,  and  that  they  unite  together  to  form  groups 
which  are  called  molecules.  He  knows,  for  instance,  that  water  is  formed 
by  a  grouping  of  two  atoms  of  hydrogen  with  one  of  oxygen.  But  not  only 
do  atoms  group  themselves  together  to  form  molecules  ;  individual  groups 
of  atoms  may  come  as  units  and  form  a  new  substance.  Take  the  simple 
case  of  respirating  into  lime-water.  The  air  from  the  lungs  includes  the 
carbonic  acid  which  is  formed  by  the  vital  processes,  and  when  brought 
into  contact  with  the  lime  in  the  lime-water,  these  two,  each  consisting 
of  a  group  of  atoms,  join  together  to  form  a  new  compound.  This 
substance  appears  as  a  milkiness,  and  is  the  well-known  chalk.  Now 
we  are  very   apt  to  say  that   chalk   contains    carbonic   acid,    because    we 
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can  ii^aiii  obtain  the  latter  from  tlio  cbalk.  an.l  yet  this  inodo  of 
expression  is  not  strictly  correct.  Oarlionic  acid  i-  a  ;fas,  whoreiis  clialk  is  a 
solid  uniform  substance.  ('lialU  is  not  quicklime  nor  is  it  carbonic;  acid,  but 
is  a  new  substance  fortneil  l»y  tli(»  union  ot  these  two  substances.  I  have 
chosen  a  familiar  example  in  onlcr  to  draw  a  distinction,  which  is  all 
important  to  a  proper  understandinfj  of  my  subject. 

There  is  a  well-known  cla<?s  of  substances  to  which  the  name  "  jrUieosido  " 

has    been    given.     They     aie     found    in    the    tissues    of    plants.     Indican, 

amycrdalin  and  salicin  are  perhaps  the  best  known.      Whatever    their   ori^jin 

or   their  individual  properties,  they  possess  two  in  common  :  —  (a)  if  thev  are 

boileil  with  dilute  acids,  they  are  split  up  and   two   or   more   new    substances 

are  formed,  one  of  which  is  always  a   sugar  ;     (//)  this  same  change    mav  be 

effected   by   the   fermentative   action   of  an  enzyme,  i.e.,  one  of  the  so-called 

unorganised  ferments.*     Among  the  other  new  substances  which  result  from 

this  splitting    process,   there   is  always   one    which    is   characteristic    of  the 

glucoside.      Indican  yields  indigo  ;  amygdalin   yiehls   oil    of  bitt<'r   almond^. 

Further,  there  is  one  series  of  glucositles  which  not  only  yields  a  sugar  and  a 

compound  peculiar  to  each  member  of  the  series,  l)ut  prussic  acid  in  addition. 

Prassic  acid   is  a  derivative    of  cyanogen,   and  hence  these  glucosides  liave 

been  tenned  cyanogenetic  glucosides,  because  they  ar<'   the   origin  of  prussic 

acid.      Until    recently   amygdalin    was  alone    among  the   known   glucosides 

characteristic  of  this  property.      But  during  the  last  two  or  three  years  others 

have  been  found.     The  list  includes,  among  others,  lotasin    present  in  Lotus 

arahicus.   dhurrin    in     Audropofinn    sorghum,    phaseolunatin    in    the  seeds    of 

Phaseolus  hinatus,   gynocardiii    in  the   seeds  of   G'/nocuniin  oiloral't,  and   that 

of  the  tapioca  root  wdiich  has  not  yet  been  fully  examined. 

The  point  which  1  set  out  to  explain  to  the  ordinary  reader  is  then 
that  there  is  a  cla«s  of  substances,  the  cyanogenetic  glucosides,  found  in 
plants  from  which  prussic  acid  may  be  obtained  under  certain  specified 
conditions.  On  the  other  hand,  they  do  not  contain  prussic  acid.  It  i-  this 
distinction  which  I  hope  that  I  have  made  clear. 

Prussic  acid  is  a  well-known  poison.  One  grain  is  a  fatal  do.se  in  man. 
Obviously  then  these  cyanogenetic  compounds,  some  of  which  are  now 
known  to  be  ]iresent  in  certain  crops,  possess  a  special  i'lterest  to  the  agri- 
culturist. For,  although  the  farmer  does  not  boil  fodders  with  acid,  if  these 
peculiar  substances  are  brought  in  contact  with  a  suitable  enzyme,  the  forma- 
tion of  prassic  acid  will  ensue.  And  it  so  happens  that  with  these 
glucosides,  a  suitable  enzyme  is  generally  present  in  the   plant,  not  in   the 

*  For  a  more  complete  discussion  of  this  subject,  sec  the  article  on  the  .Study  o(  Fermenta- 
tion, Vol.  1,  page  68  it  Jteq.  of  this  Journal, 
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same  cells,  but  in  the  same  part  of  the  plant.  It  is  only  necessary  to  crush 
almonds  or  jowari  leaves  or  tapioca  root  in  water,  and  allow  the  mixture  to 
stand  for  a  short  time,  in  order  to  cause  the  change  that  1  have  spoken  of*. 
The  mixture  is  then  poisonous. 

Another  factor  which  in  some  cases  is  of  great  importance  is  that 
enzymes  are  destroyed  by  boiling  water.  It  follows,  therefore,  that  if  a 
substance  contains  one  of  these  glucosides  and  also  an  enzyme,  in  order  to 
prevent  the  latter  from  having  any  effect  on  the  former,  it  is  only  necessary 
to  heat  the  material  sufficiently  for  a  short  time,  when  all  danger  of  the  pro- 
duction of  prussic  acid  will  pass  away. 

We  may  now  consider  what  is  known  regarding  those  cj'anogenetic 
glucosides  which  occur  in  Indian  crops.  The  first  crop  which  we  may  notice 
is  Andropogon  sorghum  (jowav,  juari,  cholum).  This  plant  contains  the 
glucoside  dhurrin,  situated  principally  in  the  leaves  and  stem.  It  is  probable 
that  as  maturity  approaches,  the  quantity  of  dhnrriii  decreases  until  it 
becomes  negligible.  It  is  accompanied  by  an  enzyme,  and  it  is  only  neces- 
sary to  crush  the  plant  in  order  to  bring  the  two  substances  into  contact 
and  so  cause  the  formation  of  prussic  acid.  The  quantity  of  the  latter 
depends  entirely  on  that  of  the  glucoside  present.  Usually  it  is  only  small, 
but  occasionally  it  increases  seriousl}'.  It  is  well  known  how  poisonous 
sorghum  fodder  becomes  at  times.  Suddenly  the  cattle  are  attacked  with 
serious  illness  of  which  some  die. 

AVhilst  this  general  fact  is  established  and  the  cause  ascertained,  the 
number  of  authentic  cases  in  which  the  poisonous  fodder  has  been  examined 
are  few.  One  such  occurred  near  Poona  in  June  1904.  The  work  bullocks 
at  one  of  the  Government  Farms  were  suddenly  attacked,  a  number  became 
seriously  ill,  and  two  died.  Some  of  the  fodder  was  sent,  after  being  partly 
air-dried,  to  the  laboratory  for  examination.  After  crushing  it  with  water 
and  allowing  it  to  stand  overnight,  1'28  grain  of  prussic  acid  was  obtain- 
ed per  one  pound  of  green  fodder.  The  same  crop  was  examined  a  month 
later  when  the  quantity  of  prussic  acid  obtained  was  '75  grain  per  pound. 
There  is  no  doubt  that  fodder  containing  so  much  of  the  glucoside  as  these 
figures  indicate  is  poisonous  to  cattle.  This  crop  was  sown  in  March  1904, 
was  grown  under  irrigation  and  had  reached  the  flowering  stage,  when  it  affect- 
ed the  cattle  so  seriously.  Naturally  feeding  with  this  fodder  was  stopped. 
But  the  crop  was  allowed  to  grow  to  full  maturity  ;  it  was  then  harvested 
(July  nth),  fully  dried,  and  then  fed  later  to  cattle  without  any  harmful 
effects. 

There  are  two  important  questions  relative  to  dlmrrin  in  jow^ar.  Under 
what  conditions  is  the  glucoside  formed  in  large  quantity  ?     In   what  part  of 
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the  plant  is  it  itrinoii>;illy  situateil  ?  Re{:j:u'ilinff  the  hist,  iJriiunich  cuituhI  out 
some  experimonts  at  Melboiinio  *,  and  he  louinl  that  the  «;liicoside  was  |»re- 
sent  in  the  phmt  at  all  stages  of  growth,  hut  that  its  (jiiantity  <rnninishe(l  as 
maturity  advanced.  Also  it  is  to  he  noteil  that  the  eroj)  of  jowar,  which 
was  so  poisonous  at  Poona  in  June  1904,  wasipiite  innocuous  after  maturity. 
i^Fy  own  experiments  on  this  point  up  to  the  present  are  very  limited. 
In  1U04,  immediately  after  the  case  of  sickness  occurred  a'  l*oona,  two 
varieties  of  jowar,  namely  "yUra"  ani  "'L'tacali'^  obtained  from  Poona, 
were  sown  at  Dehra  Dun,  together  with  a  local  variety,  ami  each  was 
examined  at  intervals  during  August  and  September.  The  plant-*  in  nil 
cases  contained  either  no  dhurrin  or  only  nominal  ipiantities  uf  it.  Thi- 
experiment  does  not  negative  Dr.  Brunnich's  evidence,  Ijut  it  emphasises  the 
fact  that  some  jowar  plants  contain  much  more  of  the  glucoiide  than  others. 
In  July  PJOJ.  a  specimen  of  jowar  fodder  of  the  '' Ilumli''  variety  grow- 
ing in  tlie  same  neighbourhood  as  that  which  had  ilone  so  much  harm, 
was  examined,  and  only  '17  grain  of  prussic  acid  was  obtained  fr(»m  it 
per  pound.  Thus  whilst  the  ([uantity  probably  decreases  as  maturity 
approaches,  the  really  important  question  is,  under  what  conditions  is  il/ninin 
occasionally  formed  in  large  amount  in  a  crop  of  jowar,  and  why  is  the  plant 
usually  almost  free  from  it  ?  Regarding  the  second  (luestion,  namely,  in 
what  part  of  the  plant  is  dhnvrin  principally  situated,  the  specimen  of 
poisonous  hnndi  was  not  only  examined  as  a  whole,  but  the  leaves,  stalks, 
and  inflorescence  were  each  examined  separately  (after  drying  in  the  air) 
with  the  result  that  the  leaves  produced  2'5  grain,  the  stalks  II  grain,  and 
the  flower  "25  grain  of  prussic  acid  per  pound.  The  subject  is,  however, 
far  from  being  completely  understood,  and  I  would  lie  indebted  to  readers 
of  this  Journal  if  they  would  at  any  time  send  to  the  Agricultural  Research 
Institute,  Pusa,  specimens  of  the  fodder  which  are  known  to  have  been 
poisonous. 

Lastly,  it  is  to  be  noted  that  sun-drying  the  fodder  does  not  decrease 
the  amount  of  glucoside  in  it.  On  this  point  there  is  no  doul)t.  I5nu:ni<h 
made  a  series  of  com{)arative  experiments  to  test  it,  and  in  tin'  lalior.itory 
of  the  Government  of  India,  we  have  found  similarly  that  the  glucoside  is 
not  changed  by  this  process. 

Another  plant  common  to  India  which  contains  a  cyanogenetic  glucoside 
is  Manihot  utilissima.  the  cassava  or  tapioca  plant.  The  rout  ot  thi>  j>!;iiil 
has  lon^^  been  used  as  a  human  food,  and  in  other  countries  ijoth  starch  and 
tapioca  are   prepared  from   it.     Authorities   have  generally  recognised   two 


•  Trans.  Chem.  Soc,  1903,  page  788. 


224  AGRICULTURAL    JOURNAL    OF    INDIA.  [l, 


III 


principal   varieties,   the  "sweet"   and   the   "bitter";   tlie    former   has  been 
held  to  be   non-poisonous,   the  latter   poisonous,  and   the  poisonous  agent  is 
known  to  be  prnssic  acid.     Some  authorities  state  that  the  "  bitter  "  varieties 
possess  red    })etioles,  the    "  sweet "    varieties   green    ones.     A  considerable 
number  of  varieties  were  examined  at  Poona  in  January  1904,  when  I  was  able 
to  establish  three  facts  :  firstly,  none  of  the  varieties  contained  any  prussic  acid 
as  such  ;  secondly,  all  the  varieties,  irrespective  of  the  colour  of  the  petiole  or 
other  botanical  features,   contained  a  cyanogenetic  glucoside,   which   varied 
much  in  amount;  thirdly,  this  glucoside  is  associated  with  an   enzyme  which 
has  the  property  of  causing  the  splitting  up  of  the  glucoside,  and  the  conse- 
quent formation  of  prussic  acid.     As  in  the  case  of  jowar   leaves,   it  is  only 
necessary  to  crush  tapioca  root    with  water  in   order  to  bring   about    this 
change.     The  amount  of  prussic  acid  varied  very  much  ;  from  some  roots  1*5 
grain  of   prussic  acid   per  pound  of  root  was  obtained,    from   others  only 
one-tenth  as  much.     This  root  has  to  be  considered  both  as  a  human  food  and 
also  as  a  source  of  starch  or  tapioca.     It  is  probably  not  eaten  in   the   raw 
state  in   India,    but    it  is  sliced  and  fried  in    some  parts    as    a    vegetable. 
Whether  this   cooking  process  is   sufficient  to  render   the  root  harmless  is 
uncertain.     It  would  probably  be  so  if  fried  in  clarified  butter  (ghee).      Boil- 
ing the   root  is  quite  sufficient  not  only   to  destroy   the  enzyme  but    also 
to  allow  the   glucoside    to  pass  out  into  the   water,   for  the  root  splits  up 
freely.     On  the  other  hand  a  misconception  has  occurred  in  the  minds  of 
some.     1  noticed  the  statement  in  one  agricultural  paper  that  since  prussic 
acid  is  volatile,  it  is  only  necessary  to  expose  the  slices  to  the  air  in  order  to 
allow  this  toxic  ingredient  to  vaporise.     But  this  is  far   from  being  the  case, 
and  tapioca  root  slices  might  be  allowed  to  remain  exposed  to  the  air  for  a 
long  period  without  losing  any  appreciable  portion  of  this  constituent.     The 
question  has  also  frequently  been   put  to  me  whether,  in  the  preparation  of 
starch,  there  is  any  risk  of  prussic  acid  remaining  in  it.     The  answer  is  very 
simple.      When   preparing   starch    the   root  is  gratered,    and    there  is  no 
doubt  of  the  formation  of  the  prussic  acid  ;  but  it  is  a  soluble  substance  and 
must  be  carried  away  in  the  wash  waters,  so  that  the  starch  is   ultimately 
quite  free  from  it. 

Besides  these  two  crops  I  have  obtained  prussic  acid  from  Rangoon 
Beans*  {Phaseolus  lu7iatus)  and  Val  (JJolichos  /a/>/a&)  by  simply  allowing  the 
crushed  seeds  to  remain  in  cold  water  for  a  few  hours.  In  the  case  of  seeds 
their  poisonous  properties  may  be   destroyed  by  boiling  them  in  water. 

'  See  Agricultural  Ledger  No.    2  of  1905,  which  contains  an   account  of  Prof.  Dunstan's 
investigations. 
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It  is  also  known  that  the  linseed  j»lant  (Liiutm  usitatissimum)  possesses 
at  times  poisonous  properties  like  sorghum,  but  cases  of  poisoning  from  this 
cause  are  rare.  Whilst  writing  this  article  an  instance  of  this  has  hecn  brought 
to  my  notice  hv  the  Director  of  Agriculture,  U.  P.  Some  cattle  belonging 
to  a  zemindar  in  the  Baiula  Histrict  ate  some  iniraalure  linseed  as  fodiler, 
with  the  result  that  fifty-two  died  in  a  few  hours.  The  specimen  of  the 
plant  whiih  was  sent  to  me  eontained  a  cyanogenetic  glucoside  and  yirldt'd 
prussic  acid  when  crusheti  in  water.  I  t>btainc«l  ]'-\  <^rA\u  d  iIk-  acid  [m-i 
one  pound   of  the  plant. 


THE  PRODUCTION  OF  EARLY-MATURING  CANES. 

By  C.  a.   barber,  m.a.,  f.l.s., 
Government  Botanist,  Madras. 

Shortly  after  starting  the  Samalkota  Sugar  Station,  a  difficulty  was 
experienced  in  dealing  with  the  packages  of  canes  received  from  various 
parts  of  the  country  when  the  local  planting  season  had  passed  and  no  land 
was  ready  for  their  reception.  Various  methods  of  'hatching  '  were  tried,  by 
which  the  canes,  whole  or  cut  up,  were  placed  in  shallow  pits  and  covered 
up,  but  these  did  not  satisfactorily  overcome  the  difficulty  and  were  found  to 
give  uncertain  results  in  the  soil  of  the  Godavari  delta  especially  after  a  long 
journey.  A  small  nursery  was,  therefore,  rapidly  got  into  order  and,  follow- 
ing the  method  adopted  in  Ganjam,  the  sets  were  at  once  planted  thickly  as 
is  done  in  paddy  seed-beds.  This  method  was  perfectly  successful,  and  the 
canes  suffered  in  no  way  on  being  taken  out  and  transplanted  to  the  lands 
prepared  for  them. 

About  the  same  time  attention  was  drawn  to  the  Kistna  delta,  where, 
with  excellent  soil  and  an  abundant  irrigation  from  canals,  no  sugarcane  at 
all  is  planted.  While  in  the  Godavari  delta,  however,  irrigation  is  carried 
on  for  eleven  months  out  of  the  twelve,  the  water  is  only  available  in  the 
Kistna  delta  for  nine  months.  If  by  some  means  we  could  reduce  the 
period  of  growth  of  the  canes  to  nine  months,  many  thousands  of  acres 
would  be  available  for  this  valuable  crop.  The  way  to  this  appeared  to  be 
opened  by  the  nursery  experiment  above  mentioned. 

These  facts  led  to  the  study  on  the  farm  of  various  methods  of  produc- 
ing early-maturing  canes.  Although  the  work  is  still  in  its  infancy,  and 
exact  analyses  have  not  been  accumulated  in  sufficient  quantity  to  demons- 
trate every  point,  enough  material  has  been  collected  to  make  it  desirable 
to  draw  the  attention  of  workers  to  this  line  of  experiment.  It  is  hoped 
especially  that  cane  growers  living  in  regions  of  limited  irrigation  may  take 
the  matter  up  and  make  further  experiments  not  possible  in  rich  delta  lands. 

The  nursery  method  of  propagation  has  been  introduced  successfully 
into  various  parts  of  the  Madras  Presidency.     By  it  we  were  able  last  year 
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on  the  Samalkota  farm  to  plant  up  thirteen  times  the  area  ot  the  seed-betl, 
and,  while  this  cannot  be  clone  in  all  oases,  it  is  evident  that  the  land  to  be 
finally  planted  may  l)e  many  times  as  lar^je  as  the  nursery.  It  is  fn'quently 
possible  to  set  aside  an  acre  of  land  under  a  well  close  to  the  villa;jG  .site 
an»l  plant  this  at  a  time  when  i^eneral  agricultural  operations  are  out 
of  the  question.  Such  an  ;irea  would  furnish  seed  cane  for  quite  a  large 
field,  and  the  period  of  water  scarcity  could  thus  1)p  bridged  over  from 
one  season  of  irrigation  or  rainfall  to  another. 

In  the  latest  experiment  on  the  farm,  the  seed-bed  was  planted  on  the 
2Uth  March  U»05,  and  the  youug  canes  were  transplanted  on  the  4th  of  June. 
The  canes  were  analysed  once  a  fortnight  from  the  beginning  of  December 
until  the  harvest.  They  were  judged  to  be  ripe  eight  month**  after  the  time 
of  transplanting.  Compared  with  similar  plots  planted  with  sets  from  the 
beginning,  the  length  of  time  from  planting  to  reaping  was  the  same.  The 
period  of  growth  in  the  field,  saved  by  the  experiment,  was  therefore  exactlv 
equal  to  the  time  spent  in  the  nursery.  We  cannot  sav  whether  this 
would  always  be  the  case,  and  it  is  at  least  doubtful  whether  the  crop  would 
be  as  good  as  in  ordinary  planting. — probably  not.  Comparative  exp<'riments 
have  still  to  be  made  on  the  subject,  but  there  are  some  indications  that  the 
produce  of  seed-bed  canes  has  a  certain  resemblance  to  ratoons  or  seeond- 
year  canes. 

The  importance  of  this  method  of  planting  canes  cannot  be  over-rated 
in  places  where  the  period  of  irrigation  is  short,  or  where  the  exact  date  of 
the  advent  of  seasonal  rains  cannot  be  foretold.  There  is  no  longer  any  need 
for  keeping  the  cane  standing  in  the  field  (standovers)  month  after  month,  in 
the  hope  of  rain  coming.  The  cane  sets  may  be  cnt  at  the  time  of  harvest 
and  immediatelv  planted  in  a  nursery,  the  land  intended  for  the  crop  may 
he  prepared  in  a  more  leisurely  manner  and  the  canes  transplanted  when  it 
is  readv  and  when  the  danger  of  a  water  famine  has  been  averted." 

"Stool-planting"  is  another  method  adopted  at  the  Samalkota  larin. 
After  the  canes  are  cut,  the  *'  roots  "  (more  properly  called  stools)  have  to 
be  removed  for  the  preparation  of  the  land  for  the  succeeding  crop.  If  these 
stools  are  cut  up  they  may  be  planted  without  danger.  Su[)posing  the 
canes  were  originally  plantetl  at  th*>  rate  of  10,000  to  the  acre,  the  .-fooN 
therefrom  mav  be  made  to  plant  up  {\ve  times  the  area  For  it  has  been 
found  in  trials  on  the  tarm  that,  owing  to  the  invariable  and  rapid  growtti  of 
all  the  divided  stools,  they  may  be  economically  put  in  at  the  rate  ot  r'.OiM) 
to  the  acre,  and  that  each  stool  will  provide  at  least  Uvn  ..r  three  ,,l:ints. 

♦  Some  other  ad vant.iges  of  a  nursery   may  he   notice*!.     Maiiv.    i    w'-   .iii,   .!;-a--i   vt- 
can  be  eliminated  :   and  a  more  uniform  stand  of  canes  can  be  obtain-l.—  ^>/ ''"'•. 
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By  this  method  of  stool-plauting  the  period  of  water  scarcity  can  also 
be  partially  bridged.  If  the  canes  are  cut  in  the  ordinary  course,  the 
stumps  will  remain  in  the  ground  for  a  considerable  time  without  dying  and 
thus  a  part  of  the  time  of  short  water  may  be  passed.  Moreover,  the  stools 
mature  earlier  than  plant  canes,  so  that  their  period  in  the  ground  is  shorter. 
The  exact  advantages  of  this  method  of  cane-planting  have  not  been  fully 
worked  out,  and  will  probably  vary  a  good  deal  in  different  parts  of  the 
country.  One  of  the  greatest  is  that,  with  proper  care,  no  filling  up  of  blanks 
will  be  needed.  A  full  stand  can  be  obtained  at  the  start,  a  very  important 
matter  in  successful  cane  cultivation.  The  plots  planted  in  this  way  resemble 
ratoons  even  more  than  those  planted  from  seed-beds,  and  the  yield  is  pro- 
bably less  than  from  plant  canes.  On  the  other  hand,  the  old  roots  are 
utilised  as  seed,  and  the  canes  are  far  more  healthy  than  ratoons.  The 
plants  are  not  so  long  a  time  in  the  ground,  as  stool-planted  plots  ripen 
earlier  than  those  planted  from  sets.  This  agrees  with  the  well-known 
character  of  ratoons  which,  in  the  Godavari  district,  mature  one  month 
earlier  than  plant  canes. 

"  Trashing  "  or  stripping  the  canes  of  their  dead  leaves,  so  frequently 
done  in  moist  lands  in  the  West  Indies,  was  tried  on  the  farm,  and  the 
canes  in  one  experiment  ripened  a  month  earlier  than  in  the  control 
plot  treated  in  the  ordinary  way.  The  experiment  is  isolated  and  therefore 
not  conclusive,  but  the  result  is  in  the  direction  that  would  naturally  be 
expected.  More  experience  is  necessary  before  the  method  can  be  recom- 
mended under  ludiun  conditions.  Its  usefulness  will  probably  vary  in 
different  tracts,  and  where  the  canes  are  liable  to  be  attacked  by  jackals  or 
where  the  atmosphere  is  very  hot,  it  is  less  likely  to  be  advantageous.  To 
take  the  case  of  the  Godavari  delta,  the  canes  are  heavily  wrapped  round 
with  their  own  dead  and  dying  leaves  to  bamboos  and  to  one  another.  This 
at  first  sight  appears  to  be  an  unreasonable  practice.  But  when  one  con- 
siders the  great  height  to  which  the  canes  grow  in  good  crops  (some  canes 
last  year,  when  laid  out,  measured  '26^  feet  in  length  over  all),  and  the 
violent  storms  which  usually  occurs  towards  the  ripening  time,  as  well  as 
the  frequency  with  which  the  canes  are  attacked  by  numerous  jackals  and 
wild  cats,  it  is  difficult  at  present  to  suggest  any  certain  improvement. 
Trashing  can  only  be  done  with  hard-rinded  canes  of  a  bunching  habit. 

The  feeding  of  the  cane  and  its  general  treatment  have  a  great 
influence  on  the  time  required  for  ripening.  It  may  be  stated  generally  that, 
when  starved,  its  growth  is  limited  and  ripening  is  hastened.  The 
manurial  plots  on  the  Samalkota  farm  have  been  of  a  comparatively  simple 
nature,  being  mainly   devoted  to  the  comparison    of  the    effect  of  different 
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qiiuntitiea  of  nitrogonous  food  in  the  form  of  oil-t-akei*.  Analyso  matle 
at  intervals  for  some  months  before  harvesting  have  shown  very  conclusively 
the  ettect  of  such  manures  on  the  ripening  of  the  canes  in  the  heavy 
delta  lands.  In  each  and  every  case  the  rate  of  ripening  was  retardeil  in 
proportion  to  the  excess  of  nitrogen  in  the  manure.  When  a  heavy  dressing 
of  oil-cake  was  supplied  the  croj)  was  of  great  ijulk,  hut  the  canes  l)ad  not 
ripened  after  a  full  twelve  months,  whereas  in  the  case  of  tin*  application 
of  ordinary  "  village  manure,  '  the  canes  ripened  in  V  lo  10  moriths.  The 
a[>plication  ol  manures  must  then  be  carefully  considered,  and  nitrogenous 
manures  in  the  form  of  oil-cake  must  not  be  given  in  too  large  ipiantitit< 
when  it  is  desired  to  shorten  the  period  of  the  cane's  gro.vih. 

This  latter  fact  brings  us  to  the  conclusion  that  it  is  generallv  tiseless 
to  eypect  very  large  yields  with  a  short  period  of  cane  growth,  and  that 
efforts  at  reducing  the  time  in  the  ground  are  likely  to  be  accompanied  bv 
a  diminished  vield.  It  mav  be  stated  as  a  general  rule  that,  within  certain 
limits,  the  longer  the  cane  is  in  the  ground  the  larger  is  the  crop.  It 
should  be  noted  for  instance  that  the  enormous  yields  quoted  from  New 
South  Wales  are  stated  to  be  from  canes  li>  months  old.  in  the  same 
way  some  Moijali  canes  recently  distributed  from  the  .Samalkota  farm 
to  a  planter  in  Mysore  were  reported  to  produce  6>;  tons  of  jaggery  to  the 
acre  at  18  months.  This  is  the  converse  side  of  the  problem.  There 
are  comparativelv  few  places  where  the  canes  can  be  successfully  grown 
for  much  more  than  a  year,  but  it  may  be  quite  worth  while  to  consider  in 
special  cases  whether  it  will  not  i)e  more  economical  to  lengthen  the  period 
of  trrovvth  instead  of  restricting  it. 

In  conclusion,  there  is  no  doubt  that  certain  canes  require  a  longer 
period  for  their  growth  and  maturity  than  other.-,  although  this  subject 
is  still  rather  obscure.  The  rate  of  ripening  is  obviously  one  of  the  first 
factors  to  be  determined  when  introducing  canes  to  fresh  localities.  There 
is  areat  activity  just  now  in  bringing  canes  from  the  ends  of  the  earth  and 
trvincr  them  in  various  i)laces  suitable  and  the  reverse.  While  sonn-  of 
these  efforts  will  succeed,  others  will  undoubtedly  fail,  and  a  record  of  these 
successes  and  failures  will  be  of  use  in  judging  which  canes  are  .-niied 
to  which  conditions.  This  opens  a  great  field  for  observation  which  should 
not  be  left  to  the  agricultural  departments  alone,  but  in  which  every  cane 
grower  should  take  part. 


THE  STUDY  OF  FERMENTATION  AS  APPLIED  TO 

AGRICULTURE. 

By  C.  BERGTHEIL, 
Bacteriologist,  Agricultural  Research  l7istitute,  Pusa, 

(Part  II.) 

In  a  previous  article  {Arjri cultural  Journal  of  India,  page  68,  Vol.  1). 
the  study  of  fermentation  was  defined  as  the  chemical  changes  which  take 
place  under  the  influence  of  living  matter,  and  it  was  stated  how  essential  this 
study  has  become  to  modern  agricultural  science,  particularly  in  the 
endeavour  to  obtain  a  more  intimate  knowledge  of  the  vital  activities  of 
plants.  It  is  necessary  to  follow  the  matter  a  stage  further  than  this, 
and  to  learn  what  is  possible  about  the  processes,  which  take  place  after 
the  plant  has  ceased  to  grow  and  its  substance  is  undergoing  fermentative 
change.  In  the  present  article  it  is  [)roposed  to  amplify  this  latter  theme 
by  considering  a  few  special  problems  and  to  show  hosv  their  study  has 
led,  or  may  lead,  to  practical  results. 

The  term  '  fermentation  '  naturally  suggests  to  the  lay  mind  something 
connected  with  spirits,  and  it  was  indeed  in  connection  with  operations 
involving  the  production  of  alcohol  that  the  term  was  originally  used.  A 
consideration  of  the  processes  of  spirit  manufacture  W'ill  serve  to  illustrate 
the  type  of  problems  which,  though  they  have  assumed  an  importance 
justifying  a  special  technology  of  their  own,  are  very  closely  allied  to  agricul- 
ture, since  all  the  raw  materials  concerned  are  derived  from  the   land. 

Amongst  all  races  and  in  every  age  we  find  a  knowledge  of  some 
means  for  the  production  of  alcoholic  spirit,  all  fundamentally  depending 
on  the  fermentation  of  sugar.  A  real  understanding  of  the  processes 
involved  is,  however,  comparatively  recent,  and  it  is  only  by  the  aid  of  our 
modern  conceptions  of  fermentation  that  the  connection  between  agriculture 
and  the  manufacture  of  spirit  has  become  clear.  In  many  of  the  processes  con- 
cerned, more  especially  those  used  in  Western  countries,  we  have  to  deal  with 
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an  enzyme  action  at  the  very  beginning.  Here  the  raw  material  is  comnionlv 
some  kind  of  grain,  such  as  barley  or  rye.  or  some  starchy  tuber,  such  as  the 
potato,  all  of  which  contain  no  sugar  or  only  a  very  small  (|uantity. 
The  first  operation  necessary  is  the  production  of  sugar  from  the  starchy 
material.  For  this  purpose,  use  is  made  of  an  enzyme  action  of  a  precisely 
similar  kind  to  those  mentioned  in  our  previous  artitle  in  discussing  the 
germination  of  the  seed  ;  in  fact,  the  process  employed  is  nothing  else  than 
the  utilization  of  Nature's  eflbrt  to  promote  the  germination  of  the  grain  by 
supplying  the  embryonic  plant  with  easily  assimilable  food.  All  starrhv 
grains  contain,  and  have  the  power  of  producing,  a  specific  enzyme  "  diastase," 
whose  special  function  is  the  conversion  of  the  insoluble  starch  into  a  .soluble 
sugar,  and  it  is  only  necessary  to  put  the  grain  under  suital)le  conditions  of 
moisture  and  temperature  to  promote  the  interaction  of  these  substances  and 
the  resulting  formation  of  sugar. 

This  is  the  preliminary  operation  of  practically  all  processes  of  alcoiiol 
production  from  grain,  and  is  exemplified  by  the  so-called  "  malting"  of 
barley  preparatory  to  the  preparation  of  beer  or  whisky,  in  this  process 
the  barley  grains  are  placed  under  conditions  favourable  for  germination  and 
are  allowed  to  grow  until  they  have  extended  a  shoot  about  half  to  three- 
quarters  as  long  as  the  grain.  By  this  time  the  maximum  amount  of  diastase 
has  been  produced  and  the  maximum  amount  of  starch  has  been  converted 
into  sugar  ;  the  process  is,  therefore,  concluded  by  heating  the  germinated 
grain  to  stop  its  growth,  for  otherwise  the  sugar  produced  would  be  assimilat- 
ed by  the  young  plant  and  the  maltster's  object  be  frustrated.  In  the  case  of 
potato  spirit,  the  operation  is  similar,  except  that  here  diastase  has  to  be 
produced  froin  grain  as  described  above  and  introduced  into  the  mass  of 
potato  starch  as  "  malt,"  whilst,  in  the  case  of  the  Japanese  "  Moto,"  which 
is  an  alcoholic  spirit  made  from  rice,  and  of  "  sake  "  which  is  a  beer  prepared 
from  the  same  material,  we  have  a  still  more  marked  instance  of  the  introduc- 
tion of  enzyme  from  an  outside  source,  since  reliance  is  placed  entirely  on 
diastase  produced  by  a  mould,  with  which  the  boiled  rice  is  infected  to 
brin»  about  the  necessary  saccharificatiou. 

Modern  study  has  taught  us  a  great  deal  about  the  enzyme  actions 
involved  in  these  various  processes.  In  the  first  place  we  have  learnt  that 
starch  is  the  essential  constituent  of  the  many  types  of  raw  material  from 
which  alcohol  is  eventually  derived  and  that,  therefore,  the  production  of 
a  hiorhlv  starchy  grain  (which,  within  limits,  has  also  a  correspondingly 
trreat  diastase-secreting  power)  is  the  chief  agricultural  desideratum  from 
the  brewer's  and  distiller's  points  of  view.  This,  of  course,  depends  upon 
the  plant   selected   for  the  purpose,   on   the   soil  in   which   it  is  grown  and 
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its  manurial  treatment,  so  that  pure  agriculture  is  very  closely  concerned 
in  the  matter.  Much  has  been  learnt  too  of  the  effects  produced  by  the 
other  constituents  of  the  materials  used,  by  the  bodies  formed  during  the 
process  and  by  the  various  conditions  of  environment  (heat,  moisture, 
acidity  and  the  like),  on  the  saccharifying  processes.  In  every  case  the 
question  must  be  considered  from  the  point  of  view  of  enzyme  action,  and 
so  much  time  and  labour  has  been  devoted  to  the  study  of  this  particular 
operation  in  the  past  that  diastase  is  to-day  by  far  the  best  known  of  all 
enzymes,  and  processes  involving  its  use  can  be  regulated  with  almost 
the  exactitude  of  an  ordinary  chemical  reaction. 

It  would  be  beyond  the  scope  of  the  present  article    to   go  further  into 
the  detail  of  the  preliminary    operations  involved   in    the  manufacture   of 
S[)irit.      We  have  seen  that  the  prime  object  of  them   all   is    the   conversion 
of  starch  into   sugar,  and    we   will   now   consider    the    formation  of  alcohol 
from  the  sugar  so   obtained.      Here    we    have    to   deal   with    a   fermentation 
process  which  serves  well   to  illustrate  the   view  expressed  in    the  previous 
article  that  the  essential  nature  of  all  fermentations,  whether  produced  by  so- 
called   '  organized'   or  '  unorganized  '  ferments,  is    probably   the    same,    both 
being  due  to  enzyme  action.      As  is   well   known,   alcohol   is  invariably   pro- 
duced  industrially   from   saccharine   liquids   by  the   action  of   yeasts,  low^ly 
organisms  closely  allied  to  moulds,  which  possess   the   function  of  converting 
sugar  into   alcohol.     In    Western   countries    yeasts  and    their   actions    have 
been   most    carefully    studied,    and    pure    cultures    of   special  yeasts,  which 
have   been    found    most   suitable    for   the  production   of  the  particular  type 
of    fermentation    desired,    are    deliberately    introduced     and    their   growth 
most  carefully  regulated  and  guarded  ;   in  other  cases,  such  as   those  we   are 
familiar  with   in    India,   wild  yeasts   are  allowed  to  gain  access  from  the   air 
and  grow  in  the  liquid  to  be  fermented,  but  under  all    circumstances  a  yeast 
or    closely    allied    organism    is    necessary    to     the    process.     Until  recentl}' 
it  was  believed  that  this  action  of  yeast  in  converting  sugar  into   alcohol  was 
due  to   some  vital  action   of  its  protoplasm  as  distinct  from  a  secretion  of 
enzyme,  and  it  was  invariably  cited  as  an    instance  in  support  of  their  views 
by  those  scientists   who  hold  that  there  are  some  types  of  fermentation  pro- 
duced by  mycro-organisms   which   are  independent   of  enzyme   action    and 
depend   on   some  other   type  of  metabolic   operation    of  their   cell-contents. 
The   existence   of  an    enzyme  capable  of  converting   sugar  into  alcohol   in 
yeast  cells   was,   however,   conclusively   proved  in   1897    by  Buchner,    who 
succeeded  in  extracting  it  by  submitting  tbe  cells  to  great  pressure.     In  this 
way  a  clean  liquid  was  obtained   which,  on  being   added   to   sugar   solution, 
produced    the    evolution    of    carbonic  acid    gas  characteristic    of    alcoholic 
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fermentation  and  the  formation  of  alcohol  in  the  li«iui.l.  Tin-  ditHcuhv  which 
had  previously  Ijcen  found  in  oxtrartin^  the  enzyme  was  thus  shown  to 
have  been  due  to  the  threat  tenacity  with  whi(di  it  is  heM  hv  the  veu.st  cell- 
contents.  It  was  found  that  a  white  solid  could  he  precipitated  from  the 
li(juid  extracted  from  the  cells,  which  was  soluble  in  water  and  whose 
solution  acted  upon  su^ar  exactly  like  the  original  extract  ;  this  soliti 
represented  the  enzyme  in  a  crude  state  and  has  been  called  "/vmase"  bv 
its  discoverer.  So  far  this  has  had  no  pronounced  influence  on.  the  industries 
concerned,  it  being  still  found  more  convenient  to  allow  the  yeast  cell  to 
elaborate  the  enzyme  in  the  lit|uid  to  be  fermented  and  jiroduce  the  desired 
action,  but  the  discovery  is  important  from  the  theoretical  point  of  view  and 
suggestive  of  a  line  of  investigation  along  which  many  otlier  fermentative 
changes  induced  by  organisms  may  be,  and  are  being,  studie.l  with  a 
pros|iect  of  obtaining  a  more  intimate  knowledge  of  their  nature. 

We  have,  however,  occupied  more  space  than  the  subject  justifies  by  the 
consideration  of  alcoholic  fermentation  which,  though  it  is  connected  very 
closely  with  agriculture,  has  been  made  the  subject  of  so  much  special  studv 
that  it  has  been  well  nigh  removed  from  the  sphere  of  the  agriculturist. 
Problems  with  which  he  is  more  intimately  concerned  are  those  of  the  dairy. 

Milk  and  cream  are  naturally  ideal  media  for  the  development  of 
organisms,  so  much  so  that  a  sample  of  cream  ripe  for  butter-making  has  been 
found  to  contain  as  many  as  1,500,000,000  bacteria  per  cubic  centimetre, 
far  more  than  those  found  in  sewage  or  any  other  natural  material  which 
has  been  examined.  It,  therefore,  becomes  a  matter  of  great  industrial 
importance  to  preserve  milk  from  harmful  fermentations,  jtarticnilarly  those 
occasioned  by  pathogenic  organisms,  and  considerable  attention  has  been 
devoted  to  this  question  in  the  j)ast.  The  result  has  been  the  introduction  of 
the  system  of*  pasteurization,"  now  so  widely  used  in  Europe  and  America,  by 
which  the  milk  is  heated  to  a  sufficiently  high  temperature  to  destroy  most,  if 
not  all,  pathogenic  bacteria  and  a  great  many  of  those  which  occasion  the  rapid 
"  sourintr  "  of  milk  not  .so  heated,  whilst  avoiding  the  undesirable  changes  in 
flavour  and  chemical  compo.sition  which  would  be  produced  by  boiling. 

In  India  where  milk  is  a  staple  article  of  diet,  where  epidemic  disease  is 
rampant  and  the  conditions  of  clinuite  so  suitable  for  the  development  of  .-dl 
bacterial  growth,  this  question  should  demand  special  attention.  Th.-  milk- 
man of  India  is  well  aware  of  the  desirability  of  boiling  hi<  milk  in  hot  weather 
to  prevent  it  'souring',  but  the  importance  of  placing  the  milk  in  a  cje;m 
vessel  when  boiled,  and  the  dangers  incurred  if  he  does  not  do  so,  are  by  no 
means  present  to  his  mind.  Much  might  perhaps  bo  done  by  instruction  and 
guidance  in  this  direction. 
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In  the  manufacture  of  butter  and  cheese,  a  great  many  fermentation 
problems  arise,  which  modern  study  has  partly  elucidated  but  many  of  which 
are  still  unsolved.  In  Denmark  and  America,  where  these  subjects  have 
been  very  thoroughly  investigated,  the  bacteria  which  operate  in  the  ripen- 
ing processes  of  butter  and  cheese  have  been  isolated  and  identified,  and  pure 
cultures  of  these  organisms  are  used  to  promote  these  operations  just  as  we 
have  seen  pure  cultures  of  yeasts  used  in  alcohol  production,  the  result 
being  a  very  much  more  economical  method  of  working  and  products  of  very 
much  finer  and  more  easily  regulated  flavour  than  those  previously  obtained 
by  leaving  the  fermentation  processes  to  more  or  less  chance  organisms. 
Research  has  shown  too  that  enzymes  play  a  very  important  part  in  the  dairy, 
since  they  are  contained  in  normal  milk  as  excreted  and  are  responsible  for  a 
very  large  part  of  the  changes  which  the  milk  undergoes  in  its  subsequent 
conversion  into  butter  and  cheese.  The  preservation  of  butter  also  demands 
as  close  study  as  that  of  milk,  and  here  again  not  only  are  bacterial  problems 
involved  but  also  a  consideration  of  enzymes,  which  undoubtedly  play  a  part 
in  producing  rancidity. 

The  bearing  of  these  questions  on  Indian  practise  is  at  present 
unknown,  but  if  dairying  is  ever  to  be  an  industry  of  any  magnitude 
in  India,  and  there  seems  no  obvious  reason  why  it  should  not,  they 
will  have  to  be  reconsidered  with  regard  to  the  special  conditions 
holding  in  this  country  and  the  peculiar  methods  which  native  practice  has 
evolved. 

The  question  of  the  preservation  of  milk  and  butter  products  naturally 
leads  to  a  consideration  of  that  of  other  farm   products.     In  almost  every 
farming  industry  it  is  necessary  to  keep  some  kind  of  produce,  particularly 
cattle    food,    after    it    is    gathered    until    it    is   required    for    use,   whilst  it 
is  absolutely   essential  to    store    some    crops    to    render    them  suitable  for 
food  at  all.     In  the  methods   used  for  this  purpose  we   have  to  deal  with 
several  distinct    types   of   fermentation.      On    the    one    hand   we  have   to 
guard  against  the    invasion  of  the  stored   material   by   harmful  organisms 
as    in  the  case  of   milk  and  butter,   and   on    the  other  hand  we    have    to 
encourage    certain    types    of    both    bacterial    and    enzymic    fermentations 
which    lead   to   the  production  ot    a    more    stable   or    more  palatable  food. 
The  preparation  of  ensilage  is  a  good  example  of  this.     This  process,  by 
which    green   fodder    may    be   preserved   for  long  periods   without  loss   of 
material    and  without  ceasing    to    be    good    food,   has    been   evolved   as    an 
outcome  of  the   necessity  for  storing   crops    obtained    during    the  summer 
months   for   winter  feeding.     The  best  method  of  attaining  the  desired  end 
has  been  learnt  by  experience.     It  consists   merely  in  placing  the  chopped 
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preen  t'ootl  into  large  mujionry  to\vei>  tVoiu  wliitli  all  air  i-an  l)e  fxcluile.l  and 
packing  it    down  very  tightly.     ( )nly  in    recent    years   have    the  underlying 
principles  heen  investigated  and  the  procedure  estahlished  on  a  rational  lasis, 
but  we  are   prohablv  still  ignorant  of  many  essential  factors  in    the    procos?. 
Originallv   the  changes  which  take  place  in  tiie  material  in  the  silos  were  at- 
tributed entirely  to  bacteria,   it  being  supposed  that  aerobic  bacteria  operated 
in  the   first    stages   until  all    the   air  was  exhausted   from  the  tightly    packe<i 
material,  and  that  anaerobic  organisms   then  condudeil  the  process  and   were 
actually    responsible    for  the   changes   produced.      Modern   investigation  has, 
however,  shown  that  this  is  not  so  and  has  made  the  probability  -trong  that  thi> 
preservation  is  due  to  some  vital  activity  of  the  plant  itself,  which  may  or  may 
not   be  exercised  through  the  agency  of  enzymes.     Certain  it  is  that   foreign 
bacteria  must  be  excluded  anil  the  material  so  packed  that  they  can    gain   no 
access.     The    chemical    changes   which  take   place  in  the  material  -tored  arc 
profound  and   well   merit   further    investigation,  not  only  by  rea>on  of   their 
theoretical  interest  but  in  order  that  their  com|»lete  understanding  may  place 
us  in    a   position    to   modify  and  adajit  the  method  to  conditions  under  which 
it  has  not  vet  been  tried. 

Probably  similar  courses  of  action  take  jtlace  during  the  storage  of 
other  food  products.  We  know  of  many  cases  in  wliich  the  crops  as 
obtained  from  the  land  cannot  be  fed  direct  to  stock  without  grave  risk  to 
health,  whilst  a  few  months'  storage  will  render  them  excellent  food. 
Mangel-wurzels  afford  a  good  examjjle  of  this.  The  reason  of  the  change 
has  not  yet  been  explained,  though  it  is  well  known  that  tin-  chemical 
comj)Ositioii  is  altered  during  the  storage,  antl  it  i>  likely  that  it  will  In- 
found  due  to  fermentative  action  and  subject  perhaps  tf>  scientific  control 
when   understood. 

Another  branch  of  industry  connecteil  with  agriculture  in  India,  and  one 
in  which  fermentation  -tudies  may  lead  to  results  of  the  greatest  practical 
value,  is  the  manufacture  of  textile  fibres.  Imlia  is  remarkably  rich  in  fibre- 
yielding  plants  and  affords  ideal  climates  for  their  cultivation,  but  hitherto 
diflficultie.s  in  the  way  of  preparing  the  fibres  have  >too<l  in  the  way  of  tlw 
creation  of  really  great  industries.  Jute  is  perhaps  the  solitary  .-xception. 
and  here  we  have  a  process  of  fibre  extraction  handed  .Jown  from  [losterity 
and  based,  like  so  many  other  in<lustriai  processes,  on  little  more  than  rule 
of  thumb.  Bacteriological  study  may  throw  some  light  on  the  question  of 
jute  retting  and  [Kjrhaps  lead  to  the  production  uf  a  fibre  of  higher  value, 
but  the  principles  evolved  shoulil  be  extende<l  to  other  fibre  |ilants,  which 
promise  to  yield  products  of  greater  worth  but  which  cannot  be  economically 

prepared  by  mechanical  means. 

16 
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In  the  previous  article  the  fermentation  of  tobacco,  tea  and  indigo  were 
mentioned  as  types  of  those  which  must  be  stu<Iied.  These  are  instances  of 
true  enzyme  fermentations,  thouoh  they  were  for  many  years  considered 
dependent  on  bacterial  action.  It  is  not  proposed  to  discuss  them  here. 
Sufficient  has  been  said  to  show  how  wide  and  varied  are  the  applications  of 
fermentation  studies  to  agriculture  and  the  inmiediatelv  kindred  industries. 


PLATE  XVI. 


-J 
a 
m 
o 

a 


THE  NELl.OKK   HHEKD  oK  CATTJ.E. 

I5v  Major  W.   D.  CiUNN,  m.h.c.v.s.. 
Sujtfriiitfii(/finf,   Civil     \'i ftri/tan/  D'/tcrhneiit,   Mudrtm. 

Thk  Xellore  l)ree(l  of  cattle  has  a  wido  rcjtutation  throngliout  Iiulia  and 
even  heyond  it*  limit«:.  Foiinerly  the  j)rincij>al  l)repdin;f  localities  were 
situated  within  the  Northern  Taluks  of  the  Nellore  District  of  the  Madras 
Presidency,  hut  recently  these  taluks  have  heen  included  in  the  new  District 
of  riuntur,  so  the  cattle  should  not  rightlv  he  given  the  name  of  Nellore, 
l)ut  rather  that  of  Onorole.  from  which  tract  the  hest  specimens  of  the  l)reed 
are  to  he  ohtained. 

It  was  formerly  noticeal)lc  that  cattle  l)reedin<^  received  most  attention 
in  those  parts  of  the  country  wiiere  circumstances  of  one  kind  or  another 
were  adverse  to  tlie  extensive  jirosecution  of  agriculture.  The  cultivator-i 
were  repeatedly  dejtrived  of  the  results  of  their  lahour,  and  were  conseiincnt- 
ly  considerahly  harassed  :  they,  therefore,  as  a  suhstitut*'  devoted  their  time 
to  raising  large  lierds  of  cattle  of  a  superior  kind  which  weie  then  much  in 
demand,  and  which  thev  saved  from  the  grasii  of  the  officials  hv  moviu'^ 
them  from  plar'e  to  jdace.  Under  more  secure  (iovernment,  these  cattle 
breech'rs  settled  down,  and  heing  a  fairly  wealthy  class,  retained  their  pride 
in  the  fine  cattle  in  their  possession,  with  the  result  that  many  heautiful 
specimens  may  now  he  seen  in  this  part  of  the  country.  The  very  hest 
examples  are  to  he  found  iji  the  villages  of  Karumanchi,  Nidainannr, 
Pondur.  davavaram,  Tungutnr  and  Karavadi  in  the  Ongole  Taluk,  :ind  in 
Elapalapadan,  Nennurj)ad  and  tlu'  hamlets  along  the  hanks  of  the  Musi  in  the 
Kandakur  Taluk.  Fine  cattle  of  this  hreed  may  also  he  found  in  iheT.dnks 
of  Yinukonda  and  Narsaraopet  in  the  Kistna  District.  In  the  >outheni  |i;iit 
of  the  Xellore  District  where  wet  crofis  are  grown,  the  cattle  ar«'  much 
inferior,  not  heing  so  well    cared    for  or  fed   as  in  the  places  ahove  named. 

The  system  of  feeding  observed  hv  the  rvots  of  the  .■:i:^"erent  parts  of 
tills  country  naturally  depenils  upon  the  extent  of  the  pa.sturage.  In  the 
low-lyiuu-  parts  where  paddy  is  principally   ^rown,  a  certain  portion  of  dry 
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land  is  often  ke|)t  as  a  pasturage  for  cattle.     Most  of  the  cattle,  however, 
leave  the  villages  during  September  and  October — the  southern  rainy  season 
— and  are  sent  to  the  Western  Taluks  where  there  are  extensive  waste  and 
jungle  tracts.     Part  of  the  working  cattle  will  occasionally  follow  the  other 
cattle  during  November  and  December,  should  the  pasture  land  of  the  village 
not  be  sufficient.     The   ryots  often  club  together  and  send  their  cattle  away 
in  large  herds.     For  this  purpose,  prior  to  the  departure  of  the  cattle   from 
the  village,  arrangements  are  made  for  renting  pasture  blocks  at  a  fixed  sum 
for  the    season   (October   to   February),    or    engagements   are   entered    into 
with  the  holders  of  the   pasture   farms  for  the  pasturing  of  the  whole   herd 
for  the   season  at  a  small   fee  per  head   for  each   full-grown  animal.     Should 
the  North-East  monsoon  be  favourable  and  extend   till  late  iu  the  season,  the 
cattle  are  only  pastured  until  January   when   the   paddy   is   harvested,   after 
which  there  is  very  fair  grazing.     The  whole  of  the  jungle  grazing  is  not 
open  to  the  cattle  at  all  times,  for  after  a  heavy  burst  of  rain,  invariably 
experienced   about  October,   the  best  portion  of  the  pasturage  is  preserved 
and  kept  clear  of  cattle  for  one  or  two  months  until  the  grass  has  grown  up 
well,    when  the  working  cattle  alone  are  turned    in    and    ke[)t    thereon    so 
long  as  the  pasturage  suffices,  another  portion  being  similarly  kept  for    the 
other  cattle.     Towards  the  end  of    January,  when  the  sorghum  crop  on  the 
higher  land  has  come  into  ear,  the  young  shoots  termed  Zadu,  which  are 
not  likely  to  mature,  are  removed  and  given  to  the  bullocks,  which  are  often 
picketed  close  to  the  fields.     Occasionally  fields  in  the  midst  of  cultivation 
are  set  apart  for  pasture  and  are  planted  with  the  black  and  white  varieties 
of  Acacia.     After    being  under  grass  for  ten  or  twelve  years,  the  ground  is 
cleared  of  trees  and  broken  up  for  cultivation.     The  trees  shade   the  ground 
and  favour  the  growth  of  grass,  whilst  the   pods  form    good   fodder.     The 
pasture  land  held  in  this  way  is  invariably  distinct  for  each  ryot  and  is  gene- 
rally kept  exclusively  for  working  cattle,  young  stock  and  milch  cows. 

The  country  where  the  best  cattle  are  raised  is  undulating  highland  inter- 
spersed with  small  hills,  and  is  mostly  composed  of  light  red  or  dark  alluvial 
soil,  where  good  sorghum,  other  millets  and  legumes  are  raised.  The 
well-to-do  ryots  in  thef^e  parts  find  their  pleasure  and  pride  in  raising  fine 
cattle. 

There  is  no  greater  truism  than  that  which  refers  to  the  necessity  of 
feeding  young  stock,  and  the  very  great  care  which  the  best  breeders  bestow 
on  their  young  animals,  both  male  and  female,  most  certainly  accounts  for 
the  well-deserved  reputation  of  the  Ongole  cattle.  The  young  calves  are 
allowed  to  suckle  the  whole  of  the  cows'  milk,  and  when  they  are  three 
months  old  are  given  grass  and  a  small  ration    of  mixed    grains.      In  every 
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way  they  are  treated  and  tended  as  the  family  j»ets,  and  it  i.«*   onlv    l.v    j£oin^ 
into  the  houses  of  the  vilhi^jes  that  the  best  calves  can  lu*  "^etMi. 

That  there  is  considerable  piotit  in  the  inulcrt:ikin>;  is  c\idcnc»'d  bv  the 
hiijh  prices  whicii  the  animals  realize.  Vounu  bulls  sell  from  Hs.  ttO  to  Rs.  2.')0. 
Several  fine  animals  have  been  exported  to  South  America.  A  jjood  Nellore 
cow  is  worth  from  Rs.  80  to  Rs.  l/iO  accordinji  to  the  amount  of  milk  she  yields. 

Ghi  (clarified  butter)  is  inaile  in  fairly  lariie  (juantities  and  sold  to 
merchants  for  export,  being  seldom  used  by  the  ryot-,  who  prefer  wingelly 
oil  for  cooking,  and  reserve  the  ghi  for  sule.  A  g(M>d  Nellore  cow  gives  from 
1 1  to  14  lbs,  of  milk  daily. 

The  breed  i«;  probably  not  so  hardy  as  the  Mi/fm-f  or  Almn/nitll,  but 
for  slow  heavy  work  they  are  unsurpassable,  and  they  are  universally 
employed  for  drawing  very  heavy  load<  in  the  city  of  Mailias.  frec^ueiitly 
amounting  to  five  tons. 


The  characteristics  of  the  breed  are  :  — 

Head.— Face  moderately  long  ;  mu/zle  fine  ;  forehead  broad  :  eyes 
elliptical  in  shape,  large  and  mild  ;  skin  round  the  eyes  is  black  for  about 
half  an  inch  :  ears  long  and  drooping  ;  horns  short  and  inclined  to  be  stumpy  ; 
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in  cows  the   horns  are  longer  than  in  bull^;  :  they  are  directed  outwards  and 
slightly  backwards. 

Neck. — Short  and  thick. 

Hump. — Well  developed. 

Bod)/. — Massive,  long  and  deep,  but  some  are  inclined  to  be  flat-sided. 
In  fine  specimens,  the  girth  behind  the  humji  is  about  84  inches,  height 
behind  the  hump  63  inches. 

Back. — Of  moderate  length  and  invariably  higher  at  the  croup. 

Quarters. —  Strong  with  a  considerable  droop. 

Slieath. — Pendulous  ;  cows  have  also  a  fold  of  skin  in  the  position  of 
the  sheath. 

Tail. — Long,  fine  and  tapering. 

Legs. — Strong  and  somewhat  coarse. 

Feet  — Large  and  somewhat  soft  looking. 

Colour. — Black  and  white,  and  pure  white  ;  the  latter  is  now  most 
esteemed,  but  formerly  black  and  white  was  the  predominating  colour. 

Temper. — Very  docile. 

The  extensive  pasturage  obtainable  in  this  part  of  the  country 
is  no  doubt  responsible  in  a  great  measure  for  the  large  cattle-breeding 
industry,  which  Government  has  alwavs  been  careful  to  foster.  Previous 
to  1867  a  poll  tax  used  to  be  levied,  but  in  that  year  this  was  abolished  in 
Nellore.  and  a  principle  was  laid  down  for  the  future  that,  out  of  the  waste  of 
each  village,  an  area  equal  to  30  per  cent  of  the  area  occupied  by  cultivation 
should  in  future  be  reserved  for  common  grazing,  to  be  equally  enjoyed  b}' 
all  villagers  free  of  charge  ;  the  surplus  waste,  if  sufficient  in  extent  to 
make  it  worth  while  to  adopt  the  system,  may  be  leased  out  for  one  or  two 
years  at  a  time  to  the  highest  bidder. 

In  order  further  to  develop  and  encourage  the  breeding  of  good  stock. 

an  annual  cattle  show  was  established  so   far  back   as    1858,    and    continued 

uninterruptedly    until    1871.      During    the.se  twelve  years   a   total     of    over 

Rs.  18,000  was  distributed  in  prizes.     The  cattle  show  was  resuscitated   last 

year  with  most  successful  results,  and  it   is   doubtful   whether   such  a   large 

collection    of    bulls    and    cows  of    one  breed    have   been   brought   together 

before  in  India.     There  were  exhibited  : — 

Brahraini  bulls  ...  ...  ...  ..  ...  45 

Bulls      ...  ...  ...  ...  ..  ..  120 

Bull  calves  ...  ...  ...  ..  83 

Bullock."?,  single  ...  ...  ...  ...  ...  22 

Bullocks,  pairs  ...  ...  ...  ...  ...  31 

Cows       ...  ...  ...  ...  ..  166 


Carried  fiver  ...  46'^ 
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The  heifers  ami  ymmn;  hulls  were  an  exc-eetiin<;ly  j/ood  lot.  and  it  i< 
most  sincerely  to  be  hoped  that,  with  the  (MK-oura;^enient  held  out  l.y  ihc 
^ladras  Government,  the  show  will  he  held  annually  ami  cquallv  well 
represented. 

Great  care  is  taken  in  the  selection  of  the  villatfe  hull,  and  the 
collection  of  Brultmini  bulls  broutjht  into  the  show  at  On<;olt'  consisted  ol 
torty-five  handsome  npstandini;  animals  in  splendid  eondition.  Almost 
every  village  has  one  or  two  so-called  Brahmini  l»ulls.  which  are  common 
jtroperty,  havino[  been  presented  by  the  relation.-  of  a  deceased  villager  as 
a  memorial,  or  l)y  some  wealthy  ryot,  or  having  licen  purchase<l  hv  pul)lic 
subscription.     Sucli  animals  are  always  branded  with  a  sacred  mark. 

Like  all  agricultural  classes  the  ryots  of  the  East  Coast  are  very 
superstitious.  They  are  usually  very  unwilling  to  exhibit  a  favourite  cow 
owing  to  the  influence  of  the  Evil  Eye  (Dris/Ui).  A  bullock  whose  tail 
has  the  root  of  the  tuft  of  the  hair  situated  above  the  hock  is  said  to  have 
Kru-val  and  to  bring  ill  luck.  This  is  not  objectionable  in  the  cow,  A 
bullock  havintr  white  hair,  skin,  horn  and  hoofs  is  considered  of  weak 
constitution  and  not  to  be  purchased.  A  black  iiullock  is  generally  consi- 
dered a  rogue  ;  if  not  a  rogue,  he  is  considered  of  great  value.  The  saying 
is  : — '•  A  black  l)ullock  is  but  the  fourth  of  a  l)ull,  but  if  he  is  guileless  he  is 
a  })ullock  and  a  (piarter,''  A  bullock  with  numerous  small  spots  over  the 
body  'Mike  a  deer"'  is  considered  very  lucky. 

The  form  of  the  horns  is  supposed  to  indicate  many  tjiiiig>  and  receives 
as  many  names.  For  instance,  Madakkamlm  means  horns  bent  backwards, 
and  is  considered  an  excellent  sign  in  a  cow.  There  is  an  old  saying  : — 
"Let  any  man,  who  does  not  know  liow  to  select  a  c-ow.  purchase  one  witji 
horns  bent  baekwards,"  Straight  horns  are  liked,  lliirns  pointed  forwards — 
Kopadi — indicate  spirit.  Irregular.twisted  horns — C/iurnltuI — are  not  objected 
to.  Those  which  api)ear  hollow  ami  have  light  coloured  |»atches — KaUknmbn — 
are    considered    very    disastrous.      Horns  with  white  tops — Punkum/n/ — are 
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also  bad.  If  a  cow  at  the  time  of  purchase  voids  urine,  it  is  considered  a 
very  good  omen,  but  if  she  passes  dung  it  is  a  bad  sign.  The  reverse  is  the 
case  with  the  bullock. 

A  bullock,  which  fails  to  cut  the  fourth  pair  or  corner  incisors, 
is  called  Arukatti-Madn  and  is  considered  lucky.  The  saying  is : — "  He 
who  purchases  a  bullock  with  only  six  permanent  teeth  (incisors)  will 
become  rich  enough  to  purchase  an  elephant."  A  bullock  which  cuts  only 
seven  permanent  front  teeth  is  unlucky  to  its  owner,  and  is  responsible 
for  the  saying  that  "He  who  purchases  such  a  bullock  should  have  the  pre- 
parations for  his  funeral  made  ready." 

Certain  observances  are  most  scrupulously  carried  out  by  both  purchaser 
and  seller  at  cattle  sales  and,  in  fact,  have  become  unwritten  law  resting 
for  authority  on  long  consent.  Disregard  of  these  details  in  the  procedure 
is  seriously  believed  to  imperil  the  prosperity  of  the  owner,  the  seller  and 
the  innocent  animal.     The  following  are  the  princi])a]  ones  .- — 

(1)  After  the  price  has  been  fixed,  the  buyer  hands  the  seller  a  silver 
coin,  either  a  two-anna  bit  or  a  rupee  as  earnest-money. 

(2)  The  balance  of  the  money  may  be  paid  at  once  or  at  any  stated 
time  afterwards. 

(3)  The  seller  has  to  pay  the  purchaser  a  four-anna  or  eight-anna  bit 
for  what  is  called  Marahi  Jahliam  or  Pathi  Vithamalu  (cotton  seed).  It  is 
intended  that  this  money  should  be  used  by  the  buyer  for  fodder  for  the 
animal  for  that  day.  The  purchaser  is  always  careful  to  go  with  four-anna 
pieces  in  the  event  of  the  seller  not  having  change  for  a  rupee. 

(4)  The  buyer  must  never  tie  up  the  animal  with  his  own  rope  and, 
therefore,  a  purchaser  never  carries  one. 

(5)  The  seller  must  always  supply  the  purchaser  with  a  new  rope,  and 
if  it  is  not  available,  he  gives  the  purchaser  raw  material  which  must  be 
braided  or  twisted  into  a  rope.  The  seller  must  never  give  the  rope  already 
used  by  the  animal. 

(6)  The  seller  in  company  with  the  purchasers  should  for  a  short  distance 
lead  the  animal  himself  with  the  fresh  rope  and  then  transfer  the  rope  to 
the  hands  of  the  purchaser  who  then  takes  the  animal  home.  This  settles 
the  sale  contract  and  is  never  disputed.  The  conditions  of  sale  are  never 
reduced  to  writing. 


MIXKHAL   FKHTIJ.IZKHS     IN    INDIA. 

Bv  F.  O    SLY,   [.C.S., 
Offc/.   /ni*pPcfor-frPnpritf  of'  Af/rirtif/m-''. 

is  connection  with  the  possible  introiliu^tion  of  :i  sulphuric  :u-iil  inilintrv 
into  India,  it  is  interesting  to  consider  the  scope  tor  the  use  of  niinerul 
fertilizers  in  Indian  ao^riculture.  Tlic  inforuiarion  avail:il)le  upon  thi<  -;ulii<M't 
is  summarized  in  the  following  note. 

Phosphatic  manures,  mostly  in  the  form  of  i-rushed  hones  and  siiperpho-i- 
phates,  have  been  under  trial  for  several  years  at  some  Government  Experi- 
ment Stations.  The  results  of  sixteen  year<'  tvhiU  at  Oawnpon'  "ive  the  fol- 
lowing average  yields  in  lb>.  per  acre  :  — 


r.i/.c. 

Whcwt. 

\hx. 

lbs. 

7611 

1.1 9.< 

l.-.Nd 

l.r,97 

l.lHt 

i.;is 

Uiimanured 

S.altpetre  and  bone-dust 

Saltpetre  nnil  superphospliate     . 

The  results  arf   disi'ii^--!    In    il-'t:iil  in     N'<>rth-\Vt'-t    Pion  inre-*'    Bulletin 
Xo.  H  of  1900. 

At  the  Natrpur  Farm  ihn  .iv»M:iLfH  rc-ult-:  have  been  a-^  follow-;  :  — 


Un  man  II  re<l 

Bone-dust 

Saltpetre  and  bone-dust 


(rritriited     wl 

itfitt 

Ui 

nirrurnte<l  wh.at, 

(11  yi'nr«). 

(17 

ye.nrx). 

lbs. 

!»>s. 

41.3 

470 

r,T2 

.59<» 

8--.' 

791 

( Vushed  bones  have  thus  produced  only  a  small  increase  of  yield.  At 
the  Dumraon  Farm,  the  use  of  bone-meal  has  increased  the  yield  of  wheat 
from  lbs.  423  to  720  ^average  of  seven  years)  and  of  paddy  from  lbs.  94ti  to 
1,412  (average  of  four  years). 
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The  best  results  have  been  obtained  at  the  Burdwan  Farm,  where  the 
average  of  14  years'  experiments  on  paddy  is  as  follows  :  — 

lbs. 

No  manure    (1-1  years)  ...  ...  ...  ...  1,5J9 

Bone-meal,    3    maunds  (ten  years)    ...  ..  ...  ...  3,663 

Do.  6    maunds  do.         ...  ...  ...  3,962 

Do.  9    maunds  (four  years)  ...  ...  ...  ...  3,033 

Hone-meal,    3    maunds  and  saltpetre  30  seers  (10  years)  ...  ...  4,393 

Do.,         44  maunds  and  saltpetre  I2  maund  (four  years)  ...  2,860 

The  resuhs  obtained  ou  the  farm  have  thus  been  exceptionally  good. 
The  use  of  bone-n)eal  (o  maunds)  and  saltpetre  (30  seers)  has  given  an 
annual  profit  of  Rs.  86  an  acre  in  excess  of  an  un manured  plot.  This 
result  is  corroborated  by  other  experiments,  which  show  that  the  alluvial 
soil  of  the  lower  Ganges  valley  responds  readily  to  phosphatic  manures, 
particularly  if  applied  in  conjunction  with  organic  manures.  This  manure 
can,  therefore,  be  strongly  recommended  to  the  rice  cultivators  of  Bengal, 
who  should  also  practise  green-soiling  in  order  to  get  its  full  results.  The 
bone-meal  should  be  spread  evenly  over  the  field  and  thoroughly  worked 
into  the  soil  at  the  first  and  second  ploughings.  The  saltpetre  should  be 
given  as  a  top-dressing,  when  the  seedlings  are  thoroughly  established  after 
transplantation  ;  in  order  to  secure  an  even  distribution,  the  saltpetre  should 
be  mixed  with  four  times  the  quantity  of  powdered  earth,  and  applied  in 
two  dressings  with  an  interval  of  about  a  fortnight  between  each. 

At  the  Manjri  (Poona)  Farm,  bone-meal  and  superphosphate  were 
employed  in  a  series  of  raauurial  experiments  on  sugarcane,  but  they  jiroved 
distinctly  less  useful  than  the  organic  manures  employed  (see  Agricultural 
Ledger  No.  8  of  1898). 

The  general  result  of  these  experiments  has  then  been  that  bone  phosphate 
has  not  given  any  large  increased  yields  of  cereals  except  in  the  Ganges 
alluvium  of  Lower  Bengal.  This  corroborates  to  some  extent  the  results  of 
soil  analyses,  which  .show  that  the  available  phosphoric  acid  is  not  generally 
deficient  in  Indian  soils  except  in  Behar  and  Assam.  And  in  this  connection 
it  may  be  added  that  superphosphate  is  largely  used  for  root  crops  in 
England,  which  are  not  generally  grown  in  India.  It  seems  improbable  that 
there  is  any  immediate  prospect  that  superphosphate  at  its  present  price  will 
come  into  general  u,se  as  a  manure  under  existing  agricultural  conditions. 
In  most  parts  of  India  the  soil  responds  more  readily  to  nitrogenous  manures, 
"^he  enormous  export  of  bones  (nearly  lOO^OOO  tons  a  year)  means,  however 
a  very  large  drain  on  the  soil,  which  must  in  time  require  replacement,  as  it 
is  not  at  present  counterbalanced  by  the  use  of  phosphatic  deposits  or  by  im- 
ports.    It  would,  therefore,   seem  that  in  time  the  nitrogenous  manures  will 
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require  to  be  supplrmentcd  l»y  ]iho!>phates.  The  istiihlishiiiciit  ol  :i  suljiliiiric 
acid  industry  would  alter  t-xistiu^i  conditions  in  lavour  of  tlic  use  of  plios- 
phatic  manures  hy  the  decrease  in  |)rice  that  would  result,  l^hosphates  occur 
in  the  form  of  apatite  a-  a  liy-product  of  the  mica  mines  of  Chota  Na;ipnr.  l-ul 
the  output  is  too  small  to  he  of  any  importance.  Thi>  pho>phate  iia>  heen 
tried  on  a  small  scale  with  poor  results.  IMiosphatic  nodules  occur  in  lar^^e 
quantities  at  or  near  the  surface  in  the  Trichimtpoly  district  of  Madra.-. 
These  deposits  were  investigated  hy  I)r.  Wartii  in  IM'2.  and  an  anal\sis  hv 
Dr.  Voelcker  shows  that  the  amount  of  phosphate  of  lime  is  fairlv  lii;^li. 
comparing  favourably  with  Carolina  and  English  ('oprolites.  but  that  it  i>  not 
well  suited  for  the  manufacture  of  superphosphate,  as  the  tjuantities  of  carbo- 
nate of  lime,  iron  and  alumina  are  high,  involving  waste  of  ^ulplnirii-  aciil. 
It  would  thus  probably  pay  neither  to  export  nor  to  manufacturf.  li  might 
be  used  as  a  slow  acting  fertilizer  in  a  crushed  state.  i)Ut  the  freight  (diarges 
by  road  are  very  heavy.  It  is  already  worked  on  a  -mall  xale  to  provide 
manure  for  cot!"ee  estates.  The  phosphate  of  lime  found  in  the  (  iMistnin- 
Islands,  which  is  shipped  largely  to  •Japan.  Australia  and  Hurope  for  use  by 
artificial  fertilizer  manufacturers,  can  be  landed  in  bidk  at  Calcutta  at  about 
£2-10-0  per  ton.  but  in  its  raw  state  it  could  hardly  compete  with  bone.-  at 
their  present  prices,  making  allowance  for  the  nitrogen  in  the  bones. 
Christmas  Island  phosphate  might,  however,  be  less  costly  than  any  indigenous 
material  if  a  sulphuric  acid  industry  could  be  established.  The  analvsis  <tf 
these   nuvterials   is   compared  in  the  tbllowing  table  : — 


, Apatite  MazaribaKli 
nriica  mines  (a). 


Moisture 

Organic  matter  ... 
Lime     . 

lion  and  alumina 
Alkalis,  etc. 
Phosphoric  acid  ... 
Carbonic  acid 
Silica  ... 


Calcium  phosphate 
carl)onatf 


((•37 
1-S9 

.s-ou 

•29-90 


61  9s 


'       Tricliiniipolv 

(■hri>tiiia.-  KlanH 

pbubphate  (a). 

pliixHphatu    (/;). 

f6J 

0-74 

•-'•71 

•-'•NO 

:17  ••->•_' 

•  •■ 

11  911 

•-"01 

7  •7(5 

•2-2-s:i 

:w-sH 

.■)•.")«) 

lit.-. 

10-4<i 

0  1(1 

4'I-S4 

M-'J(» 

l^J-6-.' 

4-M 

{a)  Analysis  made  by  Dr.  Leather,  Imperial  .■\.;.'ri(ultiiral  Cliomist 
(h)  Analysis  supplied  by  the  Director,  (Jeolofriral  Survfv  '.f  Imli:!. 

I  mav  mention  some  other  mineral  fertilizers,  (iypsum  i-  found  in 
large  quantities  in  the  salt  range  of  Northern  India  and  is  locally  obtainable 
in  smaller  quantity  at  several  places.  It  deserves  special  notice  because  it  is 
un  antidote  to  certain  classes  of  saline  soils  (iisar  or   /r//).  but   the  cost  ol 
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reclamation  with  gypsum  is  more  than  the  value  oi  the  land  owing  to  the 
heavy  freight  charges  by  road  and  rail.  Nitrate  of  soda  has  lately  been 
tried  at  several  experiment  stations,  but  the  results  are  not  definite. 

I  have  omitted  to  notice  sulphate  of  ammonia  because  the  trials  of  this 
chemical  have  been  very  few.  Experiments  upon  tea  with  this  manure  were 
made  by  Dr.  Mann,  but  did  not  give  successful  results.  It  is  also  improbable, 
owinor  to  its  chemical  action,  that  it  would  suit  the  ferruginous  soils  of  the 
Mysore  plateau.  It  is,  however,  used  in  enormous  quantities  for  sugarcane 
cultivation  in  Java  and  Mauritius,  ))oth  of  which  countries  are  importing 
into  India  an  increasing  amount  of  sugar,  and  it  deserves  a  careful 
trial    by    sugarcane    growers    in    India.  A     plant    for     the  manufacture 

of  ammonium  sulphate  has  been  introduced  by  Messrs.  Waldie  &  ('o., 
Calcutta.  Arrangements  are  also  already  well  advanced  for  the  erection 
of  by-product  recovery  ovens  in  coke-making,  whilst  with  the  establishment 
of  the  Tata  iron  and  steel  manufacturing  concern,  the  output  of  ammonium 
sulphate  will  be  large.  Arrangements  are  also  being  made  for  prospecting 
the  copper  sulphide  deposits  of  Ohota  Nagpur,  and  if  they  prove  as  valuable 
as  is  asserted  by  some  authorities,  it  is  probable  that  a  large  chemical  and 
metallurgical  industry  may  be  started,  the  by-products  of  which  will  include 
sulphuric  acid  and  ammonium  sulphate.  It  is  naturally  to  the  interests  of 
India  that  these  should  be  ultilized  as  far  as  possible  in  the  country  rather 
than  exported,  and  the  agricultural  departments  should  make  experiments  to 
test  their  utility  in  cultivation,  particularly  that  of  sugarcane. 

The  use  of  artificial  fertilizers  seems  to  be  coming  nearer  within  the 
scope  of  Indian  Agriculture,  and  the  establishment  of  a  sulphuric  acid 
industry  might  have  important  results.  It  is  the  duty  of  the  Department  of 
Agriculture  to  anticipate  such  a  movement  by  a  careful  trial  of  fertilizers  at 
Government  Experiment  Stations.  A  series  of  experiments  upon  cotton 
with  various  manures,  including  superphosphate  and  sulphate  of  ammonia, 
have  been  started  at  several  Government  Farms,  and  in  time  these  trials 
should  be  extended,  more  particularly  to  sugarcane  and  other  valuable  irrigat- 
ed crop.s.  If  such  fertilizers  ever  come  into  general  use,  the  question  of 
guarantee  of  quality  will  become  of  importance. 


N(  yri> 


Agave  Fibrk  in  Assam. — As  many  iii.juirie^  aro  received  ahout  the 
prospects  of  .sisal  and  other  ao;ave  fibres  in  Indiii,  it  may  Ix-  ot  interest  to 
record  the  impressions  derived  from  a  visit  to  the  |ihintalion  of  the 
Dauracherra  Fibre  Company,  Sylhet,  Assam.  The  best  account  ot  the  pros- 
pects of  establishing  an  agave  fibre  industr\  in  Assam  is  given  in  Mann 
and  Hunter's  book  "Sisal-Hemp  Culture  in  the  Indian  Tea  Districts" 
(Thacker,  Spink  ik.  Co.),  but  this  note  may  supplement  the  informa- 
tion therein  given  by  some  facts  derived  from  later  practical  exj»erience. 

The  Dauracherra  concern  is  the  largest  fibre  company  in  Assam,  about 
1,000  acres  having  been  planted  out  with  agaves.  There  are  other  planta- 
tions in  Assam,  the  total  area  under  agaves  being  aijout  3,500  to  4,000  acres. 
At  Dauracherra,  most  of  the  land  is  devoted  to  sifnil.  There  is  also  some 
Mauritius  hemp  (Fourcroi/a  giyantea)  which  grows  equally  well  but  is  not 
so  popular,  because  tliere  is  no  suitable  machine  for  its  treatment  on  a  large 
commercial  scale.  The  machine  at  work  at  the  factory  is  the  Torruella. 
which  has  given  complete  satisfaction  in  the  treatment  of  sisal,  but  the  strain 
is  too  great  for  the  weaker  fibre  of  Mauritius  hemp.  All  other  varieties  ot 
agave  have  been  discarded  after  trial  a^  being  in  no  respect  equal  to  sisal. 
It  is  estimated  that  one  Torruella  machine  (jirice  £tJ00)  will  treat  the  pro- 
duce of  600  to  800  acres  of  sisal.  Some  portions  of  llie  plantation  are  now 
commencing  to  come  into  full  yield,  and  it  is  stated  that  the  outturn  may  be 
placed  at  half  a  ton  of  dry  fibre  per  acre  at  a  low  e>timate.  The  green  leaves 
yield  about  4  per  cent  of  dry  fibre,  of  which  three  parts  are  good  straight 
fibre  equal  to  sisal  from  other  parts  of  the  world,  whilst  one  part  i-  made  up 
of  short  uneven  fibre  ("tow'*)  fetching  about  one-third  of  the  price  f»f  the 
former. 

Dauracherra  is  situated  in  the  valley  of  the  Surma  river,  some  tJO  feet 
above  sea-level  with  an  average  rainfall  of  about  ^0  inches.  The  climate  is 
fairly  equable  with  no  intense  cold  or  heat,  whilst  showers  are  received  off 
and  on  almost  every  month.     For  instance  in  the  so-called  dry  season,  rain 
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usually  falls  about  (-hristmas,  and  there  are  generally  good  showers  from 
March  onwards  until  the  regular  monsoon.  The  countr}-  is  thus  excep- 
tionally favoured  for  the  continuous  growth  of  vegetation,  so  that  the  sisal 
has  no  prolonged  period  of  rest. 

The  growth  of  the  plants  was  certainly  good  and  fairly  even.  It  is 
planted  out  on  the  to])S  and  sides  of  a  succession  of  small  hills  (called  teelas), 
but  although  the  country  is  thus  considerably  broken  up,  the  soil  seems 
a  fairly  good  loam  even  on  the  slopes  and  tops  of  these  hills.  The  soil 
is  thus  nothing  like  as  poor  as  the  bare  laterite  plains  of  the  Deccan. 
It  is  virgin  land,  which  was  under  a  dense  growth  of  mixed  forest 
before  it  was  reclaimed.  The  plants  are  generally  more  advanced  in 
the  richer  soil  of  the  intervening  valleys,  but  the  greatest  care  is  required  to 
keep  these  thoroughly  drained.  Any  water-logging  is  fatal  to  sisal.  The 
percentage  of  fibre  is  somewhat  smaller  in  the  larger  plants  in  the  valleys, 
but  this  may  be  compensated  for  by  the  quicker  growth.  Clay  soils  are  un- 
suitable, an  open  loam  being  the  best.  Shade  is  bad  for  the  plants,  result- 
iuCT  in  long  rhin  leaves,  which  do  not  give  such  good  fibre. 

The  plantations  have  as  a  rule  a  good  even  stand  of  plants,  without  the 
inequality  which  is  so  marked  a  feature  of  the  Hindupur  Fibre  Station  of  the 
Madras  Department  of  Agriculture.  This  evenness  of  stand  is,  perhaps, 
laroely  due  to  the  considerable  care  exercised  in  setting  out  the  plantation. 
The  young  plants  should  be  at  least  one  foot  high,  and  even  larger  if  possible. 
All  weakly  plants  are  discarded.  Suckers  are  preferred  to  plants  raised 
from  bulbils  in  the  nursery.  Pits  are  dug  about  1  foot  deep  and  1^  foot 
square.  In  the  earlier  years  the  plants  were  set  out  too  far  apart  ;  the  most 
economical  distance  is  now  said  to  be  9  feet  by  4^  feet  by  4^  feet,  i.e.^  two  rows 
4^  feet  apart  with  4^  feet  between  plants  in  the  row,  and  then  a  space  of  9  feet 
for  convenience  in  harvesting  the  leaves.  Mann  and  Hunter's  book  gives 
perhaps  a  somewhat  exaggerated  idea  of  the  amount  of  cultivation.  The  land 
is  not  hoed  nor  weeded  in  the  ordinary  sense  of  these  terms,  not  even  close 
round  the  plants,  but  the  whole  area  is  kept  clear  of  rank  tall  grass  and  scrub 
bv  cutting  it  down  as  often  as  is  necessarv. 

f!rickets  do  a  certain  amount  of  damage  by  cutting  off  clean  the  hearts 
of  young  growing  plants  ;  no  effectual  remedy  has  yet  been  discovered. 
There  are  also  two  or  three  fungus  diseases  which  attack  the  leaves,  but  these 
have  not  as  yet  done  very  much  real  harm.  It  is  not  believed  that  any  of 
them  will  become  a  serious  pest.  An  account  of  these  fungus  diseases  is 
given  in  a  subsequent  note  at  page  2()1  of   this  Journal. 

There  is  no  definite  information  as  to  the  age  at  which  sisal  will  flower 
under  plantation  treatment.     Some  untreated  plants  have  poled  at  ages  varying 


NOTES.  240 

from  8  to  12  y»'ars,  but  it  is  Itolieved  iliut  tho  liff  will  In*  lonijer  of  plants, 
the  mature  leaves  of  which  are  re<rularly  cut.  Tlie  plantations  yield  about 
two  heavy  or  three  li;fht  cuttin^^s  a  year,  the  latter  l)einti  of  course  a  prefer- 
able method  of  harvestino  where  labour  is  chea[-.  The  waste  vetjetablc  mat- 
ter from  the  factory  is  not  at  present  utilized. 

Althoutrh  most  of  the  plantations  are  a'^  yet  too  youn^i  to  vitdd  definite 
results,  rhe  Company  seems  (|uite  sati>tied  with  its  prospects.  Whether 
equally  promisinu;  preliminary  prospects  could  be  si-cured  in  other  parts  of 
India  with  less  favourable  conditions  of  soil,  climate  and   rainfall.  i<  a  mattei 

ot  more  doubt. —  (F.G.S.) 

« 
•   • 

( 'O-OPEHATIVE  EXPERIMKNTS.  —  III  Bulletin  No.  o.  \'ol.  VI.  of  tilt-  West 
Indies  Department  of  Agriculture,  an  interestiui;  account  is  given  of  a  set  of 
manurial  experiments  on  cotton  made  by  planters  on  their  own  estates,  under 
the  guidance  of  the  Department  of  Agriculture.  The  value  of  siu-h  co-opera- 
tive experiments  should  be  very  real  in  India,  provided  that  too  much  is  not 
attempted  at  once  and  that  the  issues  under  consideration  an*  limited.  In  t In- 
case the  crop  experimented  on  was  cotton,  aiul  a  list  of  thirtv-eight  plots  was 
drawn  uj).  These  were  1-40  acre  in  size,  and  were  divided  by  rows  of  pigeon 
peas  (arhar  or  tuer.  Cajanns  Inflirtin),  the  whole  series  taking  up  about  one 
and-a-half  acre  in  all.  Twelve  estates  succeeded  in  carrying  their  cxprriments 
to  a  successful  conclusion,  and  the  results  are  published  in  drtail,  with  ad- 
•  litional  figures  giving  the  average  yield  of  all  the  stations  in  poinids  per  plot 
and  per  acre,  and  the  excess  or  otherwise  |»ir  acre,  due  to  the  application  ot 
manures. 

The  subject  of  co-operative  experiments  is  no  new  one.  A-  far  back  a- 
1886,  the  Bath  and  West  of  England  Society  instituted  organized  co-operative 
manurial  experiments  of  this  kind.  It  is  to  be  noted  that  the  object  of  these 
experiments  was  not  so  much  the  discovery  of  any  new  manurial  principles, 
but  the  demonstration  antl  confirmation  of  lessons  already  deduced  from  ob- 
servations made  at  such  stations  as  Hothamsted  and  Woburn.  It  seems  likely 
that  there  are  few  other  methods  so  etticacious  in  educating  the  farmer  or 
planter  to  use  his  own  judgment  in  the  application  of  manures,  and  in  stimu- 
latino"  him  to  carrv  out  simple  manurial  test*  on  his  own  l.ind  for  his  own 
benefit.  The  general  results  obtained  from  such  co-operative  schemes  will 
clearly  indicate  the  general  njiture  of  the  manure  suitable  for  any  crop, 
whether  nitrogenous,  phosphatic,  [)Otassic  or  combined,  while  a  careful  study 
of  the  variations  obtained  at  different  stations,  especially  if  these  stations  are 
on  estates  with  which  he  is  familiar,  cannot  fail  to  inculcate  the  importance 
of  varvincr  the  manure  to  suit  the  land  or  the  system  of  r-ropping  employed. 
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This  last  factor  is  oue  of  real  importance,  and  in  drawing  any  results 
from  figures  obtained  in  an  experiment,  the  previous  crop  and  its  treatment 
should  always  be  borne  in  mind. 

Another  point  to  which  attention  should  be  paid  is  the  duplication  of 
plots.  It  would  no  doubt  be  perfectly  easy  for  many  landowners  to  choose 
a  site  for  experiments  which  they  knew  from  past  ex})erience  to  be  uniform, 
and  from  which  results  perfectly  satisfactory  to  themselves  could  be  drawn, 
but  from  a  scientific  point  of  view,  the  results  are  much  more  convincing 
and  carry  more  weight  with  people  who  have  had  no  opportunity  of  seeing 
the  experiment,  if  some  or  all  of  the  plots  are  checked  by  this  method. 

With  regard  to  size,  the  plots  should  not  be  smaller  than  1-20  of  an 
acre,  and  might  with  advantage  be  larger.  Care  should  be  taken  to  keep 
the  plots  quite  separate,  and  in  the  case  of  a  crop  like  sugarcane  it  might  be 
well  to  manure  say  twelve  rows,  but  to  cut  and  weigh  only  ten,  disregarding 
the  outside  rows  as  being  influenced  by  neighbouring  plots.  The  manures 
chosen  should  be  such  that  one  or  more  definite  issues  are  raised  which  may 
be  answered  directly  by  the  results  obtained.  Thus  the  relative  value  of 
nitrate  of  soda  and  sulphate  of  ammonia  for  a  certain  crop  could  easily  be 
decided  by  laying  out  a  four-plot  test  as  follows  : — 


No  manure. 


Complete  manure,  con- 
taining sulphate  of 
ammonia. 


No  manure. 


Complete    manure,  con- 
taining nitrate  of  soda. 


and  a  definite  answer  to  this  enquiry  would  be  obtained.  The  quantity  of 
a  given  manure  which  it  is  profitable  to  apply  might  be  discovered  by 
manuring  a  large  plot  with  the  other  constituents  of  a  complete  manure,  and 
then  dividing  it  into  strips  on  which  the  quantity  of  the  manure  under 
consideration  might  be  varied. 

We  recognize  that  in  many  cases  Indian  conditions  are  not  favourable 
to  tests  of  this  character  :  the  small  size  of  holdings  and  the  character  of 
the  cultivators  in  some  cases  prevent  the  adoption  of  such  a  system  ;  but 
where  conditions  are  favourable,  provincial  departments  should  be  able  to 
draw  up  simple  schemes  of  manurial  tests  on  selected  crops,  which  should 
furnish  valuable  results  under  a  system  of  careful  supervision  by  the 
agricultural  staff. — (R.  C.  W.) 


* 

*   * 


Jute  Experiment. — The  Bengal  Department  of  Agriculture  has  issued 
a  leaflet  giving  the  results  of  the  jute  experiments  conducted  last  year  at  the 
Burdwan  Government  Farm.  These  include  trials  with  different  manures, 
cutting  the   crop   at  different   stages  of  growth,  testing  numerous  varieties, 
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spacing  the  plants  at  varyin<i  intervals,  sowino;  broa(loa>5t  or  in  drills,  ami 
sowing  seed  obtaineil  from  an  ordinary  crop  aiul  that  obttiincd  (Voni  a  crop 
grown  much  more  thinly  tor  •;eeil  pur{)oses  onlv.  The  experiments  have 
only  been  in  progress  tor  a  couple  ot"  years,  so  that  reliable  results  cannot 
yet  be  expected  ;  but  so  tar  as  they  have  gone,  tlicv  mostly  conlirm  the 
practices  ordinarily  followed  by  jute  cultivators.  A  mature  crop  gave  a 
larger  outturn  of  fibre  than  a  cro{i  cut  at  an  earlier  stage,  but  the  (piality  of 
the  fibre  is  not  given.  Cowdung  gave  Ijctter  results  than  all  the  other 
manures,  which  included  castur-cake,  bone  meal  and  saltpetre.  This  confirms 
the  general  conclusion  obtained  from  experiments  with  other  crops  that  the 
Ganges  alluvial  soil  is  deficient  in  organic  matter.  We  should  like  to  see  a 
plot  added  in  order  to  test  the  effect  of  the  application  of  phosphates  in 
combination  with  organic  matter,  which  has  been  very  successful  with  other 
crops.  Sowing  in  lines  four  inches  apart  gave  better  results  than  sowing  at 
wider  distances  and  than  broadcasting.  The  testing  of  varieties  has  not  yet 
given  definite  results. — (F.  G.  S.). 


» 


Extension  of  Jute  Cultivation. — The  first  experimental  trials  of  jute 
in  the  Godavari  delta  of  Madras  and  in  the  Central  Provinces  have  not 
been  successful.  In  both  cases,  the  failure  seems  to  be  mainly  due  to 
the  same  cause — the  w^aterlogging  of  the  plots  in  the  early  stages  of 
crrowth.  The  voung  jute  plants  were  damaged  by  the  plots  being  kept 
under  water.  Whilst  jute  will  tolerate  prolonged  Hooding  iu  the  later 
stages  of  growth,  it  is  very  sensitive  to  an  exce.ss  of  water  iu  its  young 
stages  even  in  Bengal.  This  error  will  be  avoided  iu  the  present  year's 
trials.  Trials  on  a  commercial  scale  will  also  be  made  by  a  Madras  linn 
at  Rajahmundry  in  the  Godavari  district.  The  Eastern  13engal  and  .\ssam 
Department  of  Agriculture  have,  further,  arranged  a  scheme  for  the  exten- 
sion of  jute  cultivation  to  the  upper  districts  of  Assam.  Mr.  Finlow,  n.sc, 
Jute  Specialist,  has  completed  a  tour  in  the  Bombay  and  Madras  Presi- 
dencies and  the  Central  Provinces,  in  order  to  investigate  the  po.ssibilities 
of  the  extension  of  jute  cultivation  in  those  parts.  His  report,  which  will 
shortly  be  published,  should  give  much  valuable  information  about  this 
important  subject.  There  is  little  doubt  that  the  present  demand  for  jute  is 
in  excess  of  the  supply,  and  several  countries  are  now  endeavouring  to 
introduce  the  crop,  notably  Java  and  West  Africa.  The  Inspector-General 
of  Agriculture  has  recently  supplied  5,000  lbs.  of  seed  to  the  Colonial 
Office  for  trial  in  West  Africa.  If  India  is  to  retain  her  monopoly  of  the 
world's  supply  of  jute,  it  seems  clear  that  there  must  be  a  considerable 
extension  of  cultivation.  — (F.  G.  S.) 

17 
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Selection  and  Disinfection  of  Sugarcane  Cuttings.— Some  useful  in- 
structions are  given  in  Bulletin  No.  1  of  the  Hawaian  Sugar  Planters'  Experi- 
ment Station  reo^arding  the  selection  and  treatment  of  sugarcane  sets  used  for 
planting.  There  is  probably  no  part  in  the  whole  operation  of  the  cultivation 
of  suD-arcane,  where  a  little  time  can  be  so  profitably  spent  as  in  the  inspection 
and  disinfection  of  the  cuttings  to  be  employed  for  seed.  The  maxim,  "  the 
best  is  none  too  good  for  seed  "  is  a  true  one,  and  though  on  many  estates 
the  loss  from  disease  may  be  small,  and  the  extra  expense  of  careful  super- 
vision not  fully  justified,  yet  our  knowledge  of  many  of  the  diseases  of 
cane  is  so  slight,  and  their  attacks  are  often  so  insidious,  that  the  omission  of 
such  precautions  is  always  a  risky  proceeding. 

Firstly,  then,  every  cane  planter  should  become  thoroughly  familiar  with 
the  appearance  of  healthy  specimens  of  the  variety  to  be  planted  ;  every 
cane  that  shows  any  departure  from  this  should  be  unhesitatingly  condemned. 
There  is  no  doubt  that  this  rule  will  in  many  cases  act  so  as  to  exclude 
the  greater  number  of  the  cuttings  :  but  even  if  this  is  the  case,  the  inclusion 
of  any  such  canes  in  the  seed  is  fraught  with  the  danger  of  propagating 
the  disease.  Special  attention  should  also  be  paid  to  the  area  from  which 
the  seed  canes  are  cut  ;  this  should  be  from  the  healthiest  field  on  the  estate 
and  should  be  carefully  inspected  previous  to  harvesting,  care  being  taken 
to  remove  all  patches  which  are  stunted  or  poorer  in  any  way  than  the 
surrounding  crop. 

There  is  the  greatest  need  for  the  exercise  of  care  in  this  respect  in 
Behar,  since  it  has  been  established  that  one  of  the  chief  modes  of  propaga- 
tion of  the  disease  known  as  red  rot  or  red  smut  (the  so-called  "  rind  disease" 
of  the  West  Indies)  is  by  the  planting  of  sets  already  containing  the  fungus. 
When  the  parasite  is  present  in  the  sets,  its  existence  is  generally  betrayed 
by  a  reddening  of  the  tissues  which  can  easily  be  seen  at  the  cut  ends. 
Every  set  showing  such  reddening  should  be  discarded.  Some  twenty-five 
cane  varieties  from  all  parts  of  India  have  been  grown  at  Pusa  for  the  last 
two  years  and  treated  in  this  manner,  with  the  result  that  red  rot  has 
practically  disappeared  from  all  but  two.  It  is  not  suggested  that  this  is  the 
only  method  of  propagating  the  disease,  but  in  Behar  it  is  by  far  the  most 
important,  and  selection  of  cuttings  should  become  established  as  a  routine 
practice  in  sugar  planting. 

Having  thus  taken  all  precautions  to  obtain  healthy  cuttings  attention 
must  be  given  to  the  methods  available  to  prevent  their  infection  while  in 
the  ground.  The  cane  is  provided  with  a  hard  cuticle  which  is  an  effectual 
barrier  against  the  entrance  of  fungus,  but  the  cut  ends  expose  it  to  a  risk 
of  infection.     To  minimise  this,  the  cut  ends  should  be  as  clean  as  possible  : 
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the  knit'e  u-sed  should  he  >liarjt,  and  the  cut  should  he  ^i\en  with  ii  slicin;; 
uiotloii  as  therehv  the  shatterino[  ol:'  the  cut  ends  is  avoided.  Care  should  he 
taken  to  give  each  eye  as  niueh  cane  as  possihle  upon  which  to  draw  for  its 
nourishment  in  its  early  growth. 

The  canes  may  now  be  disinlected  with  various  mixtures  of  i;opper,  such 
us  Bordeaux  Mixture  or  pure  copper  sulphate  solution  ;  this  will  effectually 
prevent  the  growth  of  any  fungus  spore  which  may  come  in  contact  with 
the  cut  end.  Here  again  we  see  the  importance  of  having  a  clean-cut  end  ; 
for  if  a  shattered  end  is  dipped  in  the  liquid,  air  hnhbles  are  enclosed  in  the 
fractures,  and  portions  of  the  surface  are  left  untreated  and  thus  offer  an 
open  door  to  the  attacks  of  fungus. 

It  will  thus  he  seen  that  the  production  of  good  seed  i-  the  result  of  tin- 
observance  of  a  number  of  details  each  iu  themselves  insignificant.  The  net 
result,  however,  may  often  prove  to  he  the  difference  in  value  between 
a  healthy  and  a  diseased  crop  of  cane. — (H.  C  W.) 

«  * 
('OTTON  Olltivation  IN  BuuMA. — A  report  on  cotton  cultivation  in 
Burma,  recently  published  by  the  Department  of  Agriculture,  discusses  in 
considerable  detail  the  possibilities  of  the  extension  and  improvement  of 
cotton  in  that  country.  It  has  been  urged  by  some  authorities  in  England 
that  Upper  Burma  is  a  most  promising  country  for  the  growth  of  long 
staple  cotton,  but  this  report  does  not  hoM  out  much  prospects  of  success. 
( )otton  is  already  a  well-known  crop  in  the  dry  zone  of  Upper  Burma,  but 
the  area  averages  only  some  1.^)0,000  acres  and  shows  no  tendency  to 
increase.  The  principal  variety  is  similar  to  that  grown  in  Bengal,  from  which 
country  it  is  believed  to  originate,  and  produces  only  coarse  lint  about  equal 
to  "  Fine  Bengals."  The  best  of  the  crop  is  carried  by  road  across  the 
Chinese  border,  but  the  bulk  of  the  exports  go  by  sea  to  Japan,  (.'hina  and 
India.  As  a  rule,  it  is  only  the  poor  land  that  is  put  down  to  cotton,  for  it 
is  not  such  a  paying  crop  as  many  others.  The  rainfall  is  notorious!}' 
precarious  ;  in  some  years  the  cotton  is  ilamaged  by  heavy  falls,  whilst  in  others 
it  suffers  from  drought.  In  the  j)iincii)al  cotton-growing  tract  around 
jNIyingyan,  late  rains  often  spoil  the  croj)  just  before  it  is  ready  for  picking, 
whilst  in  Prome  cold  cloudy  weather  about  ('hristmas  time  injures  the 
flowers.  The  crop  receives  little  attention,  the  methods  of  cultivation  being 
very  primitive  ;  the  seed  is  scattered  broadcast,  thinning  and  weeding  are 
done  very  sparingly,  so  that  good  yields  can  hardly  be  expected.  The  short 
supply  of  labour  and  the  consequent  high  wages  are  a  great  handicap  against 
cotton,  which  requires  a  good  deal  of  cheap  labour.  The  want  of  good 
communications  also  prevents  any   considerable   cultivation  of  such  a  bulky 
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crop,  which  demands  cheap  means  of  transport.  For  these  reasons,  the 
Burma  Department  of  Agriculture  rightly  concludes  that  under  existing 
conditions  there  is  little  prospect  of  the  extension  of  cotton  cultivation  in 
Burma. 

The  Government  of  India  consider,  however,  that  the  conditions  would 
be  considerably  altered  if  the  quality  of  th^fe  lint  could  be  largely  improved 
and  the  yield  increased.  With  larger  profits  from  cotton  cultivation,  many  of 
the  difficulties  now  experienced  would  disappear.  So  far  as  climatic  conditions 
are  concerned,  there  seems  prima  facie  nothing  to  prevent  the  growth  of 
finer  varieties.  The  possibilities  of  growing  Egyptian  and  other  long-staple 
cottons  under  irrigation  should  not  be  neglected,  for  such  a  crop,  if  suc- 
cessful, should  be  able  to  compete  with  rice.  There  are  thus  many  matters 
which  require  to  be  settled  by  experimental  work  by  the  Department  of 
Agriculture,  before  it  can  be  definitely  stated  that  fine  staple  cotton  cannot 
be   profitably  grown  in  Upper  Burma. 

The  report  contains  some  information  concerning  the  so-called 
"  Pernambuco"  variety  of  cotton,  which  is  a  perennial  tree-cotton  with  kidney 
seed,  producing  fine  silky  lint  of  good  quality.  Owing  to  some  high  valua- 
tions of  this  cotton,  it  has  attracted  more  public  notice  than  it  seems  to 
deserve.  It  is  not  at  present  grown  as  a  field  crop,  a  few  scattered  plants 
being  found  in  some  house-gardens  of  villages.  There  seems  to  be  nothing  to 
distinguish  this  variety  from  the  similar  plants  found  under  the  same  con- 
ditions in  many  parts  of  India,  the  superiority  of  the  lint  being  probably 
due  to  the  favourable  climatic  conditions  along  the  sea-coast  in  Tenasserim. 
Experiment   has  yet  to  show  whether  it  can  be  successfully  grown  as  a  field 

crop.— (F.  G.  S.) 

* 

*  * 

The  Effect  of  Ammonia  Salts  in  certain  Experiments  in  England. — 
One  of  the  most  famous  agricultural  experiment  stations  is  that  situated  on 
the  Duke  of  Bedford's  Estate  at  Woburn  in  England,  which  is  controlled 
by  the  Royal  xAgricultural  Society  of  England.  Among  the  numerous  ex- 
periments conducted  there,  is  one  in  which  wheat  on  one  set  of  plots,  and 
barley  on  another,  are  cultivated  every  year.  For  each  crop  there  are  eleven 
principal  plots  (some  of  which  are  subdivided),  and  each  of  these  plots  is 
treated  and  manured  in  one  or  other  special  manner  every  year.  In  the 
present  instance  we  are  concerned  with  those  plots  only  on  which  ammonia 
salts  have  been  applied.  The  experiment  has  been  in  progress  for  thirty  years, 
and  until  upwards  of  twenty  years  had  elapsed,  nothing  unusual  was  noticeable 
in  regard  to  either  of  the  crops.  About  this  period,  however,  the  barley 
commenced  to  fail  on  the  plots  manured  with  ammonia  salts,  and  the  decline 
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during  the  succeetliii<;  yeiiis  \v:is  vciv  r:i[)iil,  culininutiiii^  in  ;il»soliite  failure. 
The  wheat  hiis  been  urtected  in  :i  less  de»;ree.  Obviously  in  such  u  case,  the 
question  arises  whether  this  result  is  attributable  to  the  t'ortili/.er  or  to  some 
special  feature  of  the  soil  or  to  both  oonibined.  The  ammonia  salts  employed 
have  consisted  of  equal  [)arts  of  the  chloriile  and  sidphatc.  containin;^  ')()  lbs. 
or  100  lbs.  of  ammonia  per  acre  per  annum  on  ditiVMcnt  plots.  It  may  lie 
stated  at  once  that,  although  the  chloride  (muriate)  is  not  commonly  used 
for  this  purpose,  the  sulphate  finds  a  very  wide  ajid  indeed  general  applica- 
tion iu  Europe  and  America,  and  this  fact  alone  must  negative  any  suggestion 
that  sulphate  of  ammonia  is  of  doubtful  utility.  Another  useful  pi<'ce  of 
evidence  iu  this  connection  is  the  fact  that  these  two  salts  have  been  emploNcd 
in  a  precisely  similar  manner  for  wheat  and  barley  at  the  Hothamsted 
Experiment  Station  for  over  sixty  years  ;  they  have  been  adiletl  to  the  same 
plots  of  laud  year  after  year  over  this  long  period,  ami  here  both  the 
wheat  and  barley  continue  to  grow  in  a  normal  manner  The  evidence, 
therefore,  goes  to  show  that  the  effects  which  have  been  experienced  at 
Woburn  must  not  be  attributed  simply  to  an  evil  effect  of  the  ammonia 
salts. 

As  a  matter  of  fact  one  suggestion  occurs  almost  immcdiatclv  lu  those 
who  study  the  chemistry  of  soils  and  manures.  It  is  well  known  that  the 
ammonia  of  these  salts  is  changed  in  the  soil  through  bacterial  agency  into 
an  altogether  different  substance,  namely,  nitric  acid.  Such  a  substance, 
however,  will  not  remain  a  free  acid  if  it  is  in  contact  with  any  of  the  opposite 
class  of  substances,  namely  bases,  so  that  if  the  latter  are  present  in  the  soil 
in  sufficient  amount,  the  nitric  acid  enters  into  a  state  of  combination  with 
one  or  other  of  these  bases  and  forms  a  salt,  one  or  other  of  the  nitrates 
in  fact. 

A  second  point  to  notice  is  the  fact  that  so  soon  as  the  ammonia  suffers 
the  change  described,  the  acid — sulphuric  acid  and  hydrochloric  acid  in  ilie 
salts  used  at  Woburn  and  Rothamsted— with  which  it  was  combined,  is  also 
set  free,  and,  like  the  nitric  acid,  will  combine  with  bases  which  may  be 
present  to  form  new  salts.  Thus  there  is  on  both  hands  a  requirement  of 
base  year  by  year.  The  base  usually  most  readily  at  hand  in  the  soil,  and 
indeed  the  one  most  desirable,  frou)  the  agricultural  point  of  view,  is  lime. 
The  quantity  involved  in  any  one  year  is  ([uite  nominal.  The  ammonia 
salts  employed  at  Woburn  would  occasion  the  neutralization  of  only  some 
two  or  three  hundred  pounds  of  slaked  lime  per  acre.  On  the  other  hand, 
soils  contain  generally  50  or  100  or  more  times  this  quantity.  But  if  these 
salts  are  applied  to  land  year  by  year,  and  if  at  the  same  time  the  whole 
quantity  of  lime  present  in  the  soil  is  only  small,  then  the  ultimate  effect 
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will  be  a  serious  reduction  of  the  free  lime  present,  followed  also  by  the 
natural  consequence  that  the  crops  will  suffer.  Unlike  the  Rothamsted  soil 
which  contains  a  liberal  amount  of  lime,  the  Woburn  soil  contains  only  a 
small  quantity,  and  the  continued  application  of  the  ammonia  salts  over  a 
long  series  of  years  reduced  this  to  a  seriously  small  amount.  The  obvious 
preventive  course  is  periodically  to  add  some  lime  to  such  soils.  This  was 
pursued  at  Woburn.  To  one-half  of  each  of  the  affected  {dots  some  lime, 
two  tons  per  acre,  was  applied  in  1897,  and  almost  immediately  the  crops 
became  normal.  The  figures  (bushels  of  corn  per  acre)  are  so  interesting 
that  those  for  the  last  few  years  may  be  quoted. 


Plot  No. 


Manure. 


2a 

26 


2b 
oa 

ob 


Whbat. 

Ammonia  salts 
Ammonia  salts  and  lime 

Barley. 

Ammonia  salts 
i Ammonia  salts  and  lime 
Ammonia  salts  and  superphos- 
phates   ... 

Ditto        and  lime 


1898 

1899 

1900 

1901 

1902 

•27 -8 
31 -.5 

191 
29  n 

12-5 

17-8 

•6 
0-2 

4-9 
1-2 -4 

7-6 
16-5 

.-r5 
30-3 

5-6 

28-9 

8-2 
17-1 

•8 
•29-6 

4-5 
35-3 

6-0 
■lO-O 

12-3 
33-7 

lo'o 
•23-9 

12-8 
51-4 

1903 


71 
16-6 


1-3 
.5-6 

1-3 
11-5 


Lime  was  applied  in  1897  to  the  //  half  plots,  and  a  glance  at  the  out- 
turns shows  how  effective  this  single  dose  has  been.  It  has,  indeed,  proved  a 
perfect  cure  for  the  evil.  A  cautionary  word  must  be  added  to  avoid 
misconception.  "Whilst  liming  the  land  is  a  usual  way  of  supplying  sulphate 
of  ammonia  with  the  base  it  requires,  it  would  not  answer  the  purpose  at  all 
to  mix  the  two  substances  together  previous  to  being  used  on  the  land,  for 
the  effect  of  this  would  be  the  liberation  of  the  ammonia  into  the  atmosphere, 
whereas  we  require  it  in  the  soil.  The  lime,  if  it  is  required  at  all,  should  be 
j)ut  on  the  laud  at  an  entirely  different  time  from  that  when  the  sulphate  of 
ammonia  is  used.  Lime  is  best  applied  when  land  is  being  rough  ploughed 
after  a  cro})  has  been  harvested,  whereas  suljihate  of  ammonia  should  be 
put  into  the  soil  either  at  the  time  of  sowing  or  after  the  crop  has  grown  two 
or  three  inches  high.— (J.  W.  L.) 


* 
*   * 


ExPERiMKNTs  IN  THE  CULTIVATION  OF  Dates. — Arrangements  have 
been  made  for  starting  experiments  in  the  cultivation  of  edible  dates 
{Phcenix  dacti/lifera)  in  the  province  of  Sindh.  There  have  been  in  the  past 
many  experiments  for  the  introduction  of  date  cultivation  in  several  parts  of 
India,  but  these  have  almost  invariably  ended  in  failure.  An  examination 
of  the  reports  of  the  experiments  shows  that  these  failures  have   generally 
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resulreil  eitlier  tVoiii  the  triuU  bt'iu^f  inutlo  in  loc;ilitio»  wIuti'  the  climato  is 
clearly  un^uitaMe  or  tVoiii  iiicorri'ct  luethoils  of  cuUivutioii.  Tljere  is  reason 
to  hope  that  success  may  lie  achieved  in  ISindh.  The  climate  shonhl  suit  the 
edible  date.  Simlli  is  situated  on  ilif  isotherm  characteristic  of  this  plant  ; 
it  is  practically  a  rainless  tract  ami  experiences  ilic  intense  dry  heat  in  which 
the  date  naturally  flourishes.  The  canals  can  sujiply  amj)le  water  for  irri<fa- 
tion,  and  the  drainaj^e  is  irood.  Above  all,  inferior  varieties  of  date  are  already 
successfully  grown.  Arrangements  have  been  made  for  obtaining  ott'setN 
of  all  the  best  varieties  of  date  from  lOgypt,  Morocco,  Algeria.  Tuni-  and 
Persia,  which  will  be  tried  experimentally  in  Simih  under  the  supervision  (it 
Mr.  Fletcher,  use.  Deputy  Director  of  Agriculture,  IJomljay,  wlm  lia> 
practical  experience  of  the  Egyptian  methods  of  ilate  cultivation.  TIkmc  arc 
thus  reasons  to  hope  that  this  trial  will  Ije  more  successful  than  tho>e  made 
in  the  past.  -(F.  G.  S.) 

New  ExPEiUMKNT  Stations  in  Maukas.  The  ^ladra>  Department  of 
Agriculture  has  arranged  to  start  a  new  experiment  station  at  Attiir  in  the 
Chingleput  district.  The  site  selected  was  originally  ac(juirod  a^  a  pumping 
station  to  determine  tlie  (quantity  of  water  which  could  be  obtained  from  a 
well  sunken  the  margin  of  a  sandv  river  like  the  I'alur  and  to  ascertain  the 
best  motor  and  pump  for  lifting  the  water.  The  supply  of  water  in  the  well 
sunk  on  the  river  bank  has  been  found  to  lie  unsatisfactory  for  irrigation  on 
a  large  scale.  It  has  now  been  decided  to  devote  the  land  to  the  thorough 
trial  of  perennial  and  exotic  cottons  under  irrigation  and  to  the  growth  ot 
fodder  crops,  the  want  of  wliich  is  a  noteworthy  agricultural  defect  in  the 
Oliiugleput  district.  ArrangementM  have  also  been  made  to  start  another 
new  experiment  station  at  Xandyai  in  the  Kurnool  district.  T'his  will 
mainly  be  devoted  to  the  study  of  the  varieties  of  cotton  known  :i' 
'Northerns'  and  their  improvement  by  selection  ami  cross-breeding.  It 
is  also  proposed  to  study  the  sorghum  crop  of  the  Nandyal  valley,  and 
possibly  to  introduce  new  varieties  of  indigo  a-  a  leguminous  crop  for 
rotation  purposes. — (F.  (i.  S.) 


Formaline  Tukatment  of  Oat  Smit.— For  the  prevention  of  oat 
smut,  commercial  formaline,  which  is  a  solution  (if  about  forty  per  cent, 
strength  of  formaldehyde,  has  of  recent  years  been  found  remarkably  useful, 
possessing  some  advantages  over  the  more  commonly  employed  copper  sul- 
phate. Some  experiments  to  test  it^  effect  were  carried  out  la^t  year  nt 
l)(-hra    Dun.    where  the    disease    is    severe    and    causes  an    appreciable    Ios.h 
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annually  to  cultivators,  the  locality  being  one  of  the  few  parts  of  the  United 
Provinces  where  oats  are  largely  grown. 

The  extent  of  the  disease  was  estimated  on  a  number  of  fields,  both  by 
calculating  the  actual  number  of  ears  smutted  per  acre  from  actual  counts 
in  measured  areas,  and  also  by  ascertaining  the  percentage  of  smutted  to 
healthy  ears.  It  was  found  that  about  180,000  ears  per  acre  were  lost  on  an 
average  in  the  fields  examined,  and  that  the  percentage  of  smutted  ears  to 
healthy  averaged  ten  aud-a-half. 

Four  plots  of  about  one-tenth  of  an  acre  each  were  sown.  In  one  of 
these  the  seed  was  untreated.  A  second  was  sown  with  seed  which  had  been 
soaked  for  four  hours  in  formaline  of  a  strensth  of  one  ounce  to  two  and-a- 
half  gallons  of  water  (or  one-tenth  per  cent,  formaldehyde).  A  third  re- 
ceived seed  soaked  in  one-half  per  cent,  copper  sulphate  for  twenty-four 
hours,  and  a  fourth  was  similarly  treated  with  one  per  cent  copper  sulphate. 

The  germination  of  the  plot  treated  with  formaline  was  the  best,  both 
the  copper  treatments  resulting  in  injury  in  this  respect.  The  results  as 
regards  the  degree  of  smut  which  appeared  as  the  crop  ripened  were  as 
follows  : — 


Number  of  smutted  ears  estimated 
to  the  acre    ... 


Plot  I 
untreated. 


Plot  II 
Formaline 
1  oz.  to 
24  gals,  water. 


172,495 


1.092 


Plot  III 
i%  copper 
sulphate. 


2,115 


Plot  IV 
1%  copper 
sulphate. 


1,069 


The  formaline  treatment  was  the  most  successful  and  gave  a  good  crop, 
slightly  better  than  the  untreated  plot.  The  crop  on  Plot  III  was  only 
moderate,  while  Plot  IV  was  distinctly  poor.  This  was  due  to  the  long 
soaking  in  copper  sulphate,  which  injured  germination.  Even  with  this 
long  treatment  the  amount  of  smut  in  Plot  HI  was  nearly  twice  as  much  as 
in  the  formaline  plot,  while  Plot  IV  had  only  slightly  less  smut  than  Plot 
II,  and  had  it  contained  the  same  number  of  plants  would  no  doubt  have 
had  proportionally  more  smut. 

As  regards  convenience  of  treatment,  formaline  is  the  best,  for  it  need 
only  be  poured  into  water  and  stirred  with  a  stick  when  it  is  immediately 
ready  for  use.  Ten  gallons  of  the  solution,  requiring  four  ounces  of 
formaline,  is  sufficient  to  treat  enough  seed  for  one  acre.  With  copper 
sulphate,  on  the  other  hand,  the  "  blue-stone  "  must  be  dissolved  in  the  water, 
which  takes  some  time.  Formaline  may  be  used  in  any  sort  ot  vessel, 
whereas  copper  sulphate  must  not  be  placed  in  an  iron  one. 
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The  t'onniiline  treutment  is  more  expensive,  costing  on  a  sumll  scale 
about  i'our  annas  an  acre.  On  a  lar^^e  scale  the  cost  can  be  much  reduced, 
for  the  same  solution  may  l)e  used  to  treat  several  batches  of  seed.  The 
proHt  resultinor  from  the  treatment  is  so  consitlerable  where  smut  is  severe 
that  the  sliirhtly  greater  cost  of  formaline  as  comparetl  with  copper  sulj»hate 
makes  very  little  ditierence.  In  Dchra  l>uii  the  extra  yield  from  the 
formaline  plot  was  about  one  seer  iu  ten. — (E.  .1.  H.) 

»   » 
A  Paddy   Diseask  in  thk  Unitkd  Siaiks. — Fun;ius  diseases  of  paddv 

are    not   numerous   in  any    country    and    are    rare    in    India.     (Jreen    smut 

{['stUaoo  rircn.f)  in  Tinnevelly,  and  a   leaf    spot  ( /Iclmint/tonporiiiin  gji.)  in 

Bengal  have  been  from  time  to  time  reported,  but  appear  to  he   of  no  great 

importance.      A  disease  locally  known  as  rUatni  or  du/chinu  sometimes  does  a 

considerable  amount  of  damage  in  several  districts  of  Bengal.      Its  cause  is 

unknown,  but  it  is  allied  to  the  destructive  "•  brusone  "  of  Italy.      In  a  recent 

number    of   the      Tropical  Atjricultur/st,   mention    is  made    of  a  serious  rice 

disease  which  has  broken  out  in  the  rice-growing   regions  of  .South  Carolina 

in  the  United  States,     The  variety  of  rice  chieHy  grown  there  is  that  known 

as    "  Carolina   Golden,"    which    commands   a    fancy    price  in  the  American 

markets.    In  letters  quoted  from  Mr.  David  G.  Fairchild,  Agricultural  Explorer 

to  the  United  States  Department  of  Agriculture,  some  particulars  are  given 

of  this  fungus  disease.     Its  cause  is  not  yet  detinitely  ascertained,  but  prompt 

steps  are  being  taken  to  introduce  similar  rices  from  other  tracts  and   from 

abroad,  in  the  hope  that  some    may  prove    resistant  to  infection.     It  recpiires 

little   imaorination   to   picture    the  devastation    which   would    result  from  the 

appearance,  in  the  densely-populated  rice-growing  areas  of  in<lia,  of  a  disea.se, 

which  in  Mr.  Fairchild's  words  "has  threatened  the  annihilation  of  the  rice 

industry  of  the  Carolinas." — (E.  J.  B.) 

» 
«  • 

Red  Rot  of  Sugaucane.— This  disease  was  exceptionally  prevalent  in 
Behar  last  year  in  estates  which  are  still  growing  susceptil»le  varieties.  This 
appears  to  have  been  due  to  the  unfavourable  season  experienced.  It  is  stated 
that  the  severe  cold  of  February,  1005,  led  to  weak  germination  of  the  tops 
cut  from  those  fields  which  had  been  kept  for  late  seed.  This  was  followed 
by  the  floods  of  August  and  September.  A  moist  soil,  <lue  to  insutficient 
drainage  or  prolonged  floods,  greatly  favours  the  growth  of  the  fungus 
CoUetotrichum  falcatum,  to  which  red  rot  is  due,  and  from  October  on  the 
disease  became  more  and  more  marked.  There  is  little  doubt  that  the 
parasite  was  already  present  in  a  considerable  projiortion  of  the  seed  used, 
and  the  almost  ideal  conditions  for  its    growth  which  prevailed  during  the 
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latter  half  of  the  year  led  to  the  outbreak  experienced.  With  the  possibility 
of  such  unfavourable  years,  it  is  important  to  see  that  only  thoroughly 
reliable  cane  varieties  are  grown  on  a  larue  scale.  Several  of  the  varieties  now 
grown  have  shown  their  liability  to  disease,  and  even  where  one  of  these 
has  been  successful  for  some  seasons  on  a  particular  estate,  the  danger  of  a 
large  amount  of  disease  appearing  in  an  unfavourable  season  is  so  great  that 
it  cannot  pay  to  continue  to  grow  it. —  (E.  J.  B.) 


* 
*   * 


Extension  of  Potato  Disicask. — The  gradual  extension  of  potato 
disease  {Fh'/tophthora  infestans)  to  parts  of  the  world  hitherto  free  still 
continues,  though  more  than  sixty  years  have  elapsed  since  the  first  great 
outbreak  in  Europe  aud  North  America.  Tbe  disease  is  supposed  to 
have  spread  in  the  first  instance  from  Chili,  the  original  home  of  the  potato. 
For  many  years  Australasia  remained  free  from  it.  About  thirteen  years 
ago,  however,  a  mild  outbreak  occurred  at  Auckland  in  New  Zealand. 
Nothing  was  heard  of  it  again  until  1904-5,  when  an  epidemic  occurred  which 
is  described  in  the  last  Annual  Report  of  the  Department  of  Agriculture 
ill  New  Zealand,  and  is  estimated  to  have  cost  the  colony  over  £150,000. 
Prompt  steps  have  been  taken  by  the  Department  to  introduce  spraying,  and 
it  is  anticipated  that  a  vigorous  campaign  will  be  undertaken  to  stamp  it  out. 
The  importation  of  clean  seed  from   Australia,  where  the  disease  is  believed 

not  to  occur,  is  also  recommended. — (E.  J.  B.) 

* 
*   * 

Diseases  of  Rubbek  Trkes. — The  Para-rubber  tree  {Hevea  hrazi- 
liensis)  is  attacked  by  a  canker  caused  by  a  fungus  of  the  genus  Nectria^ 
an  account  of  which  was  })ublished  in  Vol.  II,  No.  2U  of  the  Circulars  of 
the  Royal  Botanic  Gardens  in  Ceylon.  The  same  disease  is  reported  from 
one  of  the  Burma  rubber  plantations,  and  the  Nectria  has  been  discovered 
in  the  cankers.  Its  treatment,  which  requires  to  be  carried  out  systematically 
for  several  years,  is  to  cut  out  the  cankered  parts  and  burn  them.  This 
should  be  done  in  sunny  weather  and  when  the  trees  are  leafless.  Cast'dloa 
eladica,  the  growth  of  which  is  said  to  be  extending  in  South  India,  is  subject 
to  a  more  serious  disease  than  the  canker.  Fortunately,  it  is  probably 
confined  to  a  small  area  as  yet.  This  is  the  work  of  a  DijAodia  fungus 
which  invades  the  entire  woody  parts  of  the  tree,  completely  killing  it. 
The  only  method  of  treatment  is  to  uproot  and  burn  the  trees,  so  as  to  prevent 
spore-formation  by  the  fungus,  and  thus  save  adjacent  trees  from  infection. 
Though  a  drastic  method,  there  should  be  no  hesitation  in  employing  it 
where  disease  appears,  for  the  affected  trees  are  useless  and  a  source  of  great 
danger    to    their  neighbours.      Rubber    }>lanters    who    are    wideawake    may 
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he  able,  by  takin<^  |>ioin|>t  >ti'|»  on  thi-  ap|iearance  ot  tlit'>t'  (liseases,  to 
stamp  tbeiu  out  before  tbey  obtain  a  bold.  In  tliese,  a.s  in  niDi^t  otiier 
eases  ot"  disease,  early  attaek  i^  bait  tlie  battle.     (K.  >'.  1{.) 

*        • 

iSl>AL  IIemi'  hisL.ASt. — A  disease  ol  eultivateil  A;;ave>,  eaiK-ed  lis  tlie 
fungus  Colltlotruhinit  Aoitvtg.  is  deseiil)ed  by  Mr.  Hedgcock  in  tbe  Ititb 
Report  ot  tbe  Mis>ouri  Hotanic  Garden.  Tbe  same  t'un<fus  bas  been  I'uund 
in  several  part.-?  ot  India,  and  tbe  disease  wbicb  it  produces  ba.>  been  a  cause 
of  some  alarm  on  sisal  estates.  In  America  it  bas  not  Ijeen  known  to 
attack  sisal,  but  in  India  it  often  does  so.  Tbe  older  leaves  are  first  attacked, 
small  sunken  jiatches  appearin;^-  wbere  tbe  funj^u-  lias  entered.  Tliese  turn 
brown  and  dr}-  up  in  tbe  centre,  wliile  tbey  spread  at  tbe  mar;iin.  in  tbe 
dried-up  parts,  spores  are  produced  in  little  black  clumps,  wbicb  IjIow  about 
and  infect  healthy  leaves.  This  funi^us  has  also  been  foun.d  on  >everal 
occasions  associated  with  tbe  much  more  serious  sisal  ilisease  in  which  the 
tips  of  the  leaves  wither  from  just  under  the  thorn  to  half  their  length 
or  more.  In  both  cases  the  treatment  is  the  same.  All  ili.xeased  leaves 
should  be  cut  and  burnt  as  soon  as  the  patches  appear.  By  this  method 
the  spread  of  the  ('olh-tolvichinn  bas^  been  checked  in  the  Mi.-«.>uuri  Butanic 
Garden.-~(E.  J.B.) 


»   * 


Analysis  of  Rubber. — The  Imperial  Institute  proposes  to  undertake, 
durinir  the  current  vear,  the  examination  of  samples  of  rubbers  from  India. 
iSam}des  of  rubber  of  any  importance  will  Ije  examined  chemically  and 
also  sent  to  brokers  for  valuation.  ^Special  attention  will  be  given  to 
Ficns  clastiai  with  the  object  of  ascertaining  if  the  produce  of  the  Goveiii- 
ment  plantations  can  be  imjiroved.  In  order  to  stimulate  interest  in  the 
development  of  rubber  planting  in  India,  it  is  suggested  that  >ample>  of 
rubber  obtainable  from  the  various  Indian  jjlantations.  on  which  l'ar;i. 
(Jeara  and  (.'astilloa  rubber-  are  being  tried,  should  be  sent  to  the  Lnjierial 
Institute  for  examination  and  valuation.  All  samples  >hould  be  sent  to 
the  Reporter  on  Economic  Products,  Indian  Museum,  Calcutta,  for  transmis- 
sion to  the  Imperial  Institute.— (F.  G.  S.) 


m 
«    * 


Testing  of  Fibres. — Arrangements  have  now  been  made  in  the 
laboratory  attached  to  the  office  of  the  Reporter  on  Economic  Products. 
Indian  Museum,  (.'alcuttii,  for  testing  the  .strength  of  .sample-  of  Indian 
fibres.  Where  a  complete  examination  is  required,  samjdes  will  continue 
to  be  sent  to  the  Imperial  Institute  for  analysis.  The  Rej>orter  on  Economic 
Products  is  also  interesting  himself  in  th*-    improved    preparation    of    Agave 
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fibre   and   the    finding   of  brush   fibres  that   could  be  produced  in  India. — 
(F.  G.  S.) 


* 
*   * 


The  Composition  of  Rice.— The  Curator  of  the  Industrial  Section, 
Indian  Museum,  has  started  an  investigation  into  the  composition  of  the 
many  varieties  of  rice  grown  in  India.  Rice  grain  will  be  subjected  to 
chemical  examination  with   special  reference  to  use  as  material  for  making 

sizes. —  (F.  G.  S.) 

* 

*  * 

Thk  Germination  of  Java  Inuigu  Seed. — The  substitution  of  the  old 
varietv  of  indigo  grown  in  Behar  {Ind.  sumatrana)  by  the  new  and  more 
valuable  Java  variety  {Ind.  arrecta)  has  been  attended  by  a  serious  difficulty 
in  the  poor  germination  capacity  of  its  seed.  This  has  been  found  due  to 
the  existence  of  a  hard  seed-coat,  which  does  not  allow  of  the  penetration  of 
moisture.  The  difficulty  has  been  met  during  the  past  two  or  three  years 
by  submitting  the  seed  to  a  '"  scarifying  ''  process  in  specially  constructed 
machines,  whereby  the  hard  coat  is  sufficiently  deeply  scratched  to  allow 
water  to  penetrate.  This  treatment  has  proved  perfectly  satisfactory,  but  is 
somewhat  difficult  of  application,  due  to  the  mechanical  adjustments  neces- 
sary in  the  machine  to  produce  the  most  efficient  results. 

It  has  recentlv   been  found  that  the  same  end  can  be  attained   more 

simply,   with  more  certainty    of  success,    and    at   no    greater   cost  (having 

regard  to  the  price  of  the  scarifying  machine  and  its   uncertainty   of  action) 

by  treating  the   seed  with  strong  sulphuric  acid.     This  is  accomplished  as 

follows  : — The  seed  to  be  treated  is  placed  in  a  large   water-tight   wooden 

vessel,    and    undiluted    commercial   sulphuric    acid    is    poured   over    it    and 

stirred  in  with  a  wooden  or  iron  instrument  until   every  seed  is  wet  ;  it  is 

then  left  for  the  action  to  proceed  for  exactly  half  an  hour.     At  the   end   of 

this  time,   a  large   quantity   of  clean   cold  water  is  rapidly  poured  on  to  the 

seed,  which  is  thoroughly  stirred  meanwhile.     The  seed   is  then  allowed  to 

settle  to  the  bottom  of  the  vessel  and  the  water  poured  off.     A  fresh  supply 

of  clean  water  is  then  added  and  the  seed  thoroughly  washed   and   the  water 

poured  off  as  before.     This  is  repeated  a  third  time,  after  which  the  seed 

should  be  fi'ee  from  acid.     It  is  then  spread  out  in   the  sun  to  dry  and  is 

ready    for    sowing.     The  proportions  of  substances  used    for  the    treatment, 

which  should  be  strictly  adhered  to,  are  as  follows  : — 

Seed  ...  ...  ...  ...  ...      ^  maund. 

Acid  ..  ...  ...  ...  ...  20  seers. 

Water  ...  ...  ...  ...  ...  "20  gallons  (for  each  washing). 

It  is  not  recommended  to  treat  more  than  ^  maund  of  seed  at  a  time. 
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The  method  has  the  ailvaiita^es  that  all  had,  hollow  -huhI  and  other, 
impurities  float  up,  aud  may  he  poured  otl  during;  the  \vashin«f  operation-;, 
and  the  appearanee  of  the  seed  is  very  considerahly  improved.  It  is  not 
advisable  to  keep  treated  seed  throufjh  thf  rains  unless  it  is  put  into  sealed 
tins,  as  it  is  liable  to  deteriorate. 

The  method  may  be  applicable  to  other  -hard'"  yct^ds  ol'  \vhi<li  many 
cases  are  known  to  occur. — (('.  B.) 


Soil  Inoculation  for  Lkgiminois  Crops. — The  introduction  of  the 
low-pea  ( \^ipna  catianp)  into  Behar  as  a  ijreen-manurin*^  crop  seems  to  have 
demonstrated  the  adaptability  of  the  nitrogen-fixio<T  bacteria,  which  form 
"  nodules  "  on  leguminous  crops,  to  pass  from  one  species  of  legume  to 
another.  So  far  as  is  known,  the  cow-pea  has  never  before  been  grown  on 
or  near  the  soils  at  present  bearing  it  ;  nevertheless  the  roots  are  heavily 
beset  with  nodules,  and  the  crops  obtained  .seem  to  indicate  that  no  inocula- 
tion could  improve  matters.  The  explanation  almost  certaiidy  lies  in  the 
adaptation  of  the  nodule  organism  of  some  other  leguminous  crop  to  the 
cow-pea. — (C.  B.) 

»  * 

RuBBKR  Expkrim?:nts  in  Bombay.  — Arrangements  have  been  ma<lt'  to 
test  some  rubber-yielding  plants  in  parts  of  the  Bombay  Presidency.  These 
will  form  the  subject  of  special  study  at  the  Bassein  Botanical  Garden.  Two 
experimental  {)lantations  of  about  ten  acres  each  will  also  be  started  by 
the  Forest  Department  in  the  Kanara  district  with  para-rubber  {Ih-na 
hraziUensis),  but  the  Conservator  of  Forests  is  sceptical  of  success  owing  to 
the  climatic  conditions  being  unlike  tho.se  obtaining  in  countries  where  this 
tree  thrives.  Some  promising  trials  of  Fims  ria.tftca,  the  rubber  tree  of 
Assam,  are  in  progress  at  Belgaum. — (F.  G.  S.) 

* 
»   » 

Potato  (Cultivation. —  Mr.  J.  G.  Stewart  gives  some  u.seful  infornja- 
tion  on  this  subject  in  the  April  number  of  the  Journal  of  the  Board  of 
Agriculture.  In  discussing  the  selection  of  potato  seed  for  yieKl,  he  says 
that  two  kinds  of  small  potatoes  must  be  considered  ;  first,  the  late  formed 
tubers  of  stronl^  robust  plants  ;  and  secondly,  the  produce  of  plants  of  low 
variety.  He  consiilers  that  quite  satisfactory  results  can  be  obtained  from 
the  former,  as  the  tubers  are  small  simply  on  account  of  their  not  having 
had  sufficient  time  to  reach  full  size,  but  with  regard  to  those  produced 
from  poor  plants,  only  inferior  tubers  can  be  expected.     He  thinks  too  that 
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if  seed  from  the  same  ?«tock  is  used  for  a  uiiinber  of  years  in  succession, 
there  will  be  an  ever  increasing  produce  of  inferior  tubers,  and  that  this 
should  be  avoided.  Experiments  show  that  whole  tubers  about  the  size 
of  a  hen's  egg  generally  prove  the  most  profitable,  and  that  it  is  unwise 
to  make  good  a  deficiency  by  cutting  seed-size  tubers.  No  reduction  in 
yield  need  be  feared  from  sets  obtained  by  cutting  bigger  tubers.  These, 
however,  should  more  appropriately  be  used  for  market  purposes. 

If  cutting  is  resorted  to,  the  sets  should  be  planted  and  covered  with 
as  little  delay  as  possible.  Exposure  even  for  a  short  period  may  reduce 
materially  the  yield  from  cut  sets.  Should  it  however  be  necessary  to  cut 
seed  some  days  in  advance,  it  is  advisable  to  dip  them  at  once  into  finely 
powdered  lime.  The  effect  of  the  lime  is  to  form  a  'Scab'  over  the  wet 
surface  of  the  set,  which  prevents,  or  at  any  rate  considerably  retards, 
evaporation  of  moisture. 

He  then  discusses  the  merits  of  storing  seed  in  boxes  commonly  called 
'  boxing' the  seed,  as  against  '  pieing  '  or  storing  it  in  heaps  or  pies.  He 
advocates  '  boxing, '  especially  where  early  varieties  have  to  be  dealt  with, 
and  shows  that  this  method  gave  a  considerable  gain  over  '  pieing.'  It  more- 
over minimises  the  damage  to  sprouts,  and  the  destruction  of  the  seed  by 
rotting,  which  often  takes  place  to  a  large  extent  in  '  pies.'  In  India 
'  pieing '  is  entirely  out  of  the  question,  as  the  potatoes  would  at  once 
"  heat '  and  rot.  They  are  usually  stored  under  shelter  in  single  layers 
on  shelves  made  of  split  bamboos,  allowing  plenty  of  ventilation  and  a 
moderate  amount  of  light.  The  seed  generally  sprouts  before  sowing  time, 
and  the  removal  from  the  shelves  causes  the  destruction  of  the  majority 
of  the  shoots.  To  overcome  this  difficulty  and  also  in  order  to  gain  the 
advantage  of  an  early  start,  the  writer  tried  the  experiment  of  '  boxing  ' 
the  seed,  and  obtained  the  most  satisfactory  results.  The  boxes  or  trays, 
after  being  filled  with  single  layers,  were  placed  in  the  bamboo  shelves. 
The  sets  sprouted  and  were  carried  in  situ  to  the  field,  where  they  were 
carefully  planted.  The  great  advantages  of  this  method  are  (a)  the  sprouts 
are  not  injured  in  handling;  (A)  there  is  very  little  loss  of  seed  by  rotting; 
and  (c)  the  crop  is  earlier  by  a  fortnight  to  a  month,  a  matter  of  great 
importance  where  the  production  of  early  varieties  is  desired.  The  adoption 
of  the  method  is  indispensable  where  potatoes  are  being  grown  in  India  for 
the  English  market. 

Mr.  Stewart  lays  stress  on  the  importance  of  a  change  of  seed.  This 
precaution  is  of  even  greater  necessity  in  India,  where  the  tendency  to 
degeneration  in  a  plant  is  greater  than  in  a  cold  climate.  In  this  country 
the  use  of  fresh  seed  every  year  seems  advisable. 


NOTKS.  'JfDO 

Mr.  ►Stewai-t  di^cnsst's  tiu-  (lirt'cieni-c  in  i-t*sult>  oliiaiiiftl  iiimi  inaiiiic  ami 
immature  peed.  In  1S'04  he  oljtaineil  ^iee^l  in  an  lunrutlni't'  state  Ity  lilting 
the  potatoes  while  the  tops  were  still  orreen  and  the  sliin  of  the  tuhers  tender. 
For  mdtui-f  seed  the  same  varieties  were  lifted  at  the  usual  time,  when  the  tops 
were  t|uite  dead  ami  the  skins  of  the  tubers  tough.  He  olitained  a  very 
slii/ht  advantage  from  the  use  of  immature  seed  produced  in  thi>  wav.  He 
found  that  it  could  l»est  be  obtained  by  phuitintj  a  late  pntch  of  j)otatoes. 
The  produce  from  such  a  jdot  was  mu.-tly  composed  of  'seed*  ami  'small,' 
well  adapted  for  seetl  purposes.  The  explanation  given  lor  tlir  better  results 
from  immature  seed,  is  that  '' they  may  contain  more  innate  vigour  than  a 
-mall  vet  fullv-matured  potato  not  yet  arrived  at  its  full  growth." 

Mr,  Stewart  also  deals  with  the  choice  of  varieties,  the  use  of  fertilizer.s 
and    other    matters,   but    as  his    remarks    do    not    apply    to    ilw  conditions 

obtaining  in  this  country,  reference  to  them  has  been  omitted. — (B.  (.■.) 

» 

AuAVKs  IN  THE  PiN.iAB. — The  results  of  the  trials  of  four  varieties  of 
agaves  grown  at  Lahore  are  instructive.  The  percentage  ol  fibre  given  by 
each  variety  was  Aoare  Americana  l'.');')  ;  .1.  Anu-ricatia  ( narrow  leaved) 
1-80  ;  -I.  rivipara  187  :  and  .1.  r'lgida  car.  SIsaJana  o-27.  Sisal  thus 
showed  its  great  superiority  as  a  fibre  yielder, — (B,  0,) 


« 
»    « 


Barr  Fallows, — Professor  A.    I),  Hall,    of  llothamsted,    has   a    very 

interesting  note  on  this  subject  in    the   Journal  of  the  Board  of  Agriculture 

for  April  1900.      It  appears   from    his   account  that    the    practice  of  taking  a 

bare  fallow   as   a    preparation    for  wheat  was  at  one  time  an   almost  universal 

custom  in  farming.      It    \va>   sai<l   to  have   been    introduced   into   the    British 

Isles  by    the   Itomans,  and  in    niediccval    times  the  only  rotation  consisted  of 

wheat,   barlev,   fallow,    with    beans   instead   of  barley   on  the  stronger  lands. 

Towards  the  close  of  the  eighteenth  century   tln'   custom    began    to  decline  ; 

crreen  crops  and   turnij)S   in    particular   had  become  part  of  routine  farming, 

and   the   four-course   svstem   of  turnips,   barlev,   clover  and  wheat,  began  to 

spread    over    Great     Britain.     The    mor<'    advanced    larmers    [)erceived    the 

importance   of  keeinng   th<-   hmd    under  (  luji.    ami    tin-    writing**  of  Arthur 

Young,   who   was   Secretary  to  the   then    Board  of  Agriculture  in  the  early 

vears   of  the   nineteenth  century,    were    unceasingly   directed    against    bare 

fallo^Ys,    with   the    result   that   the   culture   of  turnips    and    mangels    spread 

considerably.     Experience,   however,  demonstrated    in    time    the  benefit    of 

fallow,  and   the    area    under    it    gradually    showed    a   tendency   to   increase. 

Accordinfif  to  Prof.    Hall    a  bare  fallow  may    exert  a  beneficial    effect  on  the 

land  in  three  ways — by  cleaning  the  land  of  weeds,  by  improving  the  texture 
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of  the  soil,  and  lastly  by  increasing  its  fertility.  An  explanation  of  the  last 
advantao^e  was,  however,  not  possible  until  the  discovery  of  nitrification  some 
twenty  years  ago,  and  the  investigations  since  made  into  the  conditions 
favouring  the  process.  All  soils  contain  considerable  residues  of  niti-ogenous 
materials,  which  cannot  reach  the  plant  until  they  have  been  oxidised  by 
various  bacteria  in  the  soil  and  so  converted  into  nitrates.  A  summer's 
fallow  in  Eno^land  provides  conditions  favourable  to  nitrification — warmth, 
deration  the  stirring  of  the  soil,  and  the  greater  amount  of  moisture 
which  results  from  the  absence  of  a  crop  in  dry  soil.  The  following 
results  of  certain  plots  at  Rothamsted  in  1904  show  that  fallowing  leads  to  a 
trreat  gain  of  water  to  the  soil  : 


Percentage  of  Water  in  fine  soil. 


Ist   depth  of  9  inches 
2nd      do.  do. 

3rd      do.  do. 

4th      do.  do. 


The  chief  gain,  however,  from  a  summer  fallov\r  lies  in  the  way  nitrates 
are  made  and  stored  up  in  the  soil  for  the  benefit  of  the  ensuing  crop.  The 
Rothamsted  experiments  illustrate  the  increase  thus  produced  : 


Wheat  every  year. 

Wheat  after  fallow. 

Grain. 

Straw. 

Grain. 

Straw. 

Bushels. 

Cwt. 

Bushels. 

Cwt. 

Average  crop    per   acre   per 
annum,  1856-1902 

12-7 

10-0 

17-1 

14-2 

It  should,  however,  be  observed  that  as  the  benefit  of  fallowing  depends 
upon  the  formation  of  nitrates  during  the  summer  and  their  retention  for 
the  next  crop,  it  follows  that  heavy  rain  during  the  winter  may  wash  them 
entirely  away  and  leave  the  land  no  richer.  When  followed  by  a  dry 
autumn,  the  fallowing  may  produce  an  increase  of  more  than  half  in  the 
ensuing  crop,  whereas  if  the  winter  be  wet,  the  increase  is  little  or  nothing. 

Thus  in  England  the  summer  fallows  are  only  likely  to  be  of  direct 
benefit  to  the  next  crop  where  the  climate  is  dry  and  no  great  amount  of 
nercolation  takes  place  through  the  soil  in  the  winter.     Professor  Hall   adds 
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an  example  to  show  how  much  more  advantageous  it  is  to  grow  a  clover  crop 
in  the  jilace  of  a  bare  fallow,  and  concludes  his  remarks  by  raying  that  "  a 
bare  fallow  can  never  be  a  directly  profitable  operation,  and  has  no  justifica- 
tion on  free  working  lanJ.  i>ut  with  strong  clays  in  dry  climates,  it  may 
often  be  necessary  to  clean  the  laml  and  restore  its  friable  texture  ;  on  such 
soils  too  there  is  least  likelihood  of  loss  through  washing  out  of  reserves  of 
nitrogen  which  have  been  rendered  available  by  the  process." 

These  conclusions  are  no  doubt  entirely  correct  as  regards  England, 
but  it  may  be  worth  while  to  consider  the  results  of  fallowing  in  India. 
The  chief  jzain  in  fallowinj"  is  no  doubt  due  to  the  same  causes  in  India  as  in 
England,  namely,  the  conversion  of  nitrogenous  material  into  nitrates  by 
the  action  of  bacteria.  This  action  is  carried  out  in  India  under  very  much 
more  favourable  climatic  conditions  of  heat  and  moisture,  and  it  may  safely 
be  assumed  that  the  production  of  plant  lood  is,  therefore,  greater  than  in 
EncfJand.  But  the  most  important  difi'erence  resulting  from  fallows  in 
the  two  countries  wouhl  probaljly  be  due  to  the  dift'erence  in  the  move- 
ment of  the  moisture.  In  England,  as  Professor  Hall  observes,  heavy  rain 
may  entirely  wash  away  the  products  of  nitrification.  In  many  parts  of 
India,  however,  and  specially  in  the  alluvium  tracts,  it  is  doubtful  whether 
this  is  the  case.  Percolation  in  the  true  sense  of  the  term  can  hardly  be 
said  to  exist  in  these  soils.  The  moisture  during  the  heavv  monsoon  rains 
carries  the  soluble  constituents  along  with  it  to  a  considerable  depth,  but  on 
the  cessation  of  the  rains,  this  moisture,  aided  by  the  rapid  evaporation 
caused  by  the  heat  of  the  sun  and  dry  winds,  assumes  an  upward  movement 
and  probably  brings  back  to  the  surface,  and  renders  available  for  the  use  of 
the  plant,  the  salts  which  under  conditions  of  })ercolation  would  have  been 
lost.  These  considerations,  and  the  fact  that  fallows  are  practised  with  such 
conspicuous  success  in  India,  induce  an  opinion  on  their  utility  in  this 
country  very  ditferent  to  that  which  Professor  ILdl  holds  in  regard  to  the 
same  practice  at  home.  The  process  of  fallowing  in  India  will  commence 
with  the  breaking  up  of  the  land  after  the  spring  cro[)  is  taken  off  it.  The 
soil  is  then  ploughed  ami  weathered  with  a  view  to  killing  weeds,  aerating, 
and  completely  driving  the  njoisture  away  until  the  rains  break  in  June  or 
•July.  It  will  then  be  repeatedly  plon;;hed  and  weeded  during  the  monsoon, 
the  neglect  of  these  operations  being  highly  detrimental  to  the  making  of  a 
good  fallow,  lowards  the  end  of  the  rains  the  new  crop  is  put  in,  and  the 
results  obtained  are  in  every  way  as  good,  if  not  better,  than  could  have  been 
obtained  by  the  growing  of  a  crop  and  the  apjdication  of  heavy  manuring. 
Indeed,  in  the  case  of  a  crop  like  tobacco,  results  are  never  considered  satis- 
factory without  fallowing.       Although  a  strict  scientific    investigation  of  the 

18 
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action  of  fallows  in  India  has  yet  to  be  made,  there  can  be  little  doubt  as  to 
their  value,  and  they  supply  strong  evidence  of  the  importance  of  the  bio- 
logical study  of  soils,  a  subject  which  is  beginning  to  attract  the  attention  of 

many.— CB.  C.) 

*   * 

Fruit  in  the  North- West  Frontier  Province. — Some  interesting 
information  has  been  received  from  the  Revenue  (Commissioner  concerning  the 
fruit  cultivation  and  trade  of  the  North-West  Frontier  Province.  The 
total  area  under  fruit  orchards  is  estimated  at  some  4,000  acres,  of  which  no 
less  than  2,700  acres  are  situated  in  the  Peshawar  district.  The  chief  varieties 
of  fruit  grown  in  the  several  districts  are  : — 

District.  Kimi  of  Fruit  grown. 

Peshawar  ...  ...  ...  Grapes,  peaches,  Orleans  plums  {rt/?<f/'o),   quinces,   pear.s, 

figs,  pomegranates,  water-melons. 

Hazara  ...  •••  ■••  Apricots,  loquats. 

Kohat  ...  ...  ...  Grapes. 

Kurram  ...  ...  •  .  Grapes,  shatil  (a  kind  of  peach). 

Banna  ...  ...  ...  Grapes,  figs,  dates. 

Dera  Ismail  Khan  ...  ...  Figs,  pomegranates,  dates. 

Tochi  ...  ...  ...  Mulberry. 

The  produce  of  the  last  four  districts  is  generally  consumed  locally, 
owing  to  their  isolation  from  the  railway.  Dates  from  Dera  Ismail  Khan, 
however,  find  a  market  in  Multan  and  other  neighbouring  districts.  Apricots 
from  Hazara  and  grapes  from  Kohat  are  sent  to  short  distances  as  far  as 
Rawalpindi  and  sometimes  to  Lahore.  The  only  district,  therefore,  which 
exports  fruit  in  considerable  quantities  is  Peshawar. 

The  system  of  fruit  cultivation  is  crude,  quantity  and  not  quality  being 
the  only  object  aimed  at.  An  occasional  grower  has  attempted  to  introduce 
improved  varieties.  Pomegranate  is  the  fruit  most  extensively  cultivated,  and 
the  Peshawar  pomegranate  is  now  considered  to  be  superior  in  quality 
even  to  that  of  Jelalabad.  However,  it  hardly  justifies  its  local  name  of 
Bedana  (seedless).  The  principal  varieties  of  grapes  are  Bedana  white 
and  Bedana  black  with  round  berries,  and  ITusaini  with  long  oval  berries. 
The  two  former  are  most  liked  for  the  export  trade. 

The  annual  exports  of  fresh  fruits  from  Peshawar  are  estimated  in 
maunds  at  pomegranates,  37,500  ;  quinces  and  pears,  37,500  ;  grapes,  4,500  : 
peaches,  4,500  ;  Orleans  plums,  1,500  ;  total,  85,500  maunds  (3,130  tons). 
Pomegranates  are  exported  to  the  whole  of  India  and  as  far  as  Rangoon , 
quinces  are  mostly  consumed  in  the  Punjab,  whilst  pears  go  to  Rangoon  ; 
the  export  of  grapes  and  peaches  is  generally  limited  to  Northern  India; 
a    small    quantity    only    being    sent    to   Calcutta,  as  they  do  not  keep  longer 
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than  about  live  days  :  tor  ilu-  saiiif  reason,  |(lums  arc  mostly  oxporteil  to 
the  Punjab,  only  selected  IVuit  beintj  despatched  to  Culoutta.  Thf  whole 
ot"  the  t'resh  fruit  exported  is  not  the  produce  of  the  Xorth-AVest  Frontier 
Proviui'e.  A  consideraltle  portion  of  the  transborder  fruit  imported  to  India 
comes  to  Peshawar  :  this  oliietly  consists  of  dried  fruits  (almonds,  raisins, 
nuts  and  tin*  like),  but  also  includes  musk-melons,  grapes  and  pomegranate?. 
A  special  fruit  van  is  booked  every  day  from  Peshawar  to  Howrah  <luring 
the  i)usy  months  of  Se|»teml)er,  October  and  November,  in  the  height  of 
the  pomegranate,  <|uince  antl  pear  season,  wliich  carries  about  5,000  maunds 
a  month.  This  is  an  ordinary  railway  van  with  no  special  arrangements 
for  tlie  preservation  of  tii«»  fruit  during  the  journey.  Fruit  consigned  to 
other  station>  travels  as  ordinary  parcels.  (Jomj)laints  are  freijuently  made 
of  pilfering  during  the  railway  journey. 

The  trade  is  said  to  be  steadily  increasing,  but  the  great  drawback  is  the 
primitive  system  of  packing  and  grading.  Grapes,  peaches  and  j>luins 
are  packed  in  baskets  made  of  reed  grass  to  contain  i|uantities  of  about 
20  lbs.  Tlie  basket  is  lined  with  green  leaves  or  dry  grass,  tlit-  fruit 
being  packed  in  layers,  each  covered  with  leaves  or  «Mass.  8ome 
dealers  have  recently  commenced  to  pack  grapes  in  small  boxes  lined 
with  cotton  after  the  fashion  followed  in  Kabul,  but  the  practice  is  still 
very  limited.  Pomegraiiates,  quinces  and  j)ears  are  packed  in  crates,  made 
of  four  strips  of  wood  at  the  corners  with  a  top  and  bottom,  all  covered  witli 
matting.  Fach  crate  contains  about  100  lbs.  of  fruit.  There  is  no  know- 
ledge of  modern  systems  of  grading  and  packing. 

This  short  account  of  the  Peshawar  fruit  trade  shows  that  it  lias  already 
reached  fair  dimensions,  and  there  is  ample  room  for  its  expansion.  There 
is  a  large  market  down-country,  which  could  be  supplied  by  the  North-West 
Frontier  Province  at  remunerative  prices,  if  the  systems  of  cultivation, 
grading  and  packing  are  improved.  At  present  much  of  the  fruit  grown  is 
not  suited  to  travel  any  distance.  The  districts  of  Peshawar  and  Ha/ara  are 
in  particular  suited  to  fruit  cultivation,  and  could  raise  large  quantities  of 
grapes,  peaches  and  otiier  fruits,  for  which  there  is  a  considerable  demand. 
The  improvj'ment  of  the  fruit  industry  will  l)e  one  of  the  most  important 
function-^  of  the  recently  created  Department  of  Agriculture  of  the  North- 
West  Frontier  l*rovince.  with  its  experimental  larm  at  Peshawar.  And 
when  the  Imperial  Fruit  Expert  is  appointed,  his  jirincipal  duty  will  be  the 
improvement    of  tbe    fruit    of    the    temjterate    /.one  of   North-AVest  India. — 

(F.  a.  s.) 
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Annual  Report  of  trr  Civil  Vrterinary  Department  for 

thio  year  u)01-05. 

The  improvement  of  Indian  agriculture  is  so  closely  connected  ^Yitll 
agricultural  stock  tliat  tlie  working  of  the  Civil  Veterinar}"  Department 
is  of  particular  interest  to  agriculturists.  It  is,  therefore,  satisfactory  to 
find  tliat  tlie  last  annual  report  of  tlie  Civil  Veterinary  Department  records 
marked  progress  in  all  branches  of  work.  In  past  years  the  energies  of  the 
department  have  been  almost  exclusively  devoted  to  the  encouragement  of 
horse-breeding,  which  is  a  matter  of  great  importance  to  the  Army  and  to 
some  parts  of  Indiii,  but  which  resulted  in  the  neglect  of  the  very  much 
largerinterestsof  the  agricultural  population  of  all  parts  in  cattle.  Now  that 
the  x\rmy  Remount  Department  has  taken  over  all  matters  connected  with 
equine  stock  in  the  important  horse-breeding  tracts,  the  Civil  Veterinary 
Dei)artment  has  been  able  to  take  up  the  much  larger  field  of  work  con- 
nected with  cattle. 

The  statYof  both  officers  and  subordinate  establishments  has  been  strength- 
ened, but  is  still  quite  insufficient  for  the  important  duties  entrusted  to  it. 
With  the  improvements  contemnlated  in  the  existinir  Colleges  and  Schools, 
the  arrangements  fur  veterinary  education  will  be  fairly  comidete,  for  good 
training  institutions  will  exist  at  Lahore,  Bombay,  Madras,  Calcutta  and 
Rangoon,  which  should  be  sufficient  to  meet  the  needs  of  all  provinces.  The 
prospects  do  not,  however,  setm  to  be  sufficiently  good  to  attract  students 
without  other  inducements,  for  we  notice  that  all  the  students  at  Calcutta, 
Madras  and  Rangoon  are  scholarshi[)-liolders.  The  general  educational 
standard  for  admission  is  also  very  low  everywhere  except  at  IMadras.  With 
the  reorganization  of  the  subordinate  establishment,  it  should  be  possible 
to  raise  the  standard  of  admission  and  so  secure  students  better  qualified  to 
undergo  the  course  of  instruction.  The  present  stamp  of  Veterinary 
Assistant  is  hardly  sufficiently  well  qualified,  either  in  general  or  [trofessional 
educational  attainments,  to  perform  efficiently  the  important  duties 
expected  of  him.  We  understand  that  the  prospects  of  the  service  will  be 
improved  by  raising  the  scale  of  pay,  hy  making  it  pensionable  and  by  creating 
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superioi"  appoiutmoiUd.     This    opportunity    should    uUo   bo  taken  to  vium  tho 
stanilard  of  u«lniUsiou  to  tho  Veterinary  Training  Colleges. 

Tho  urrautrenient;!  tor  the  scientitic  investigation  of  cattle  tliseases  are 
still  inaleqnate  to  the  needs  of  the  country.  There  are  at  present  only  two 
research  laboratories,  Mukteshwar  and  Bareilly,  where  a  very  small  scientific 
staff  is  employed.  We  should  like  to  see  a  research  laboratory  established 
in  connection  with  each  College,  and  the  scientific  statf  strengthened  so  as  to 
permit  of  both  teaching  antl  research  work  at  each  institution.  We  under- 
stand that  lal)oratories  have  been,  or  will  be,  established  at  Lahore,  IJombay, 
Calcutta  and  Madras,  but  this  will  lead  to  little  practical  result  unless  the 
statif  is  strengthened,  so  that  officers  can  devote  some  portion  of  their  time 
to  research  into  cattle  diseases.  There  is  no  branch  of  veterinary  work  more 
likely  to  lead  to  practical  benefits  to  Indian  agriculture  than  the  .scientific  in- 
vestigation of  the  manv  tropical  diseases  of  cattle,  which  cause  such  enormous 
animal  losses.  The  published  returns  of  the  deaths  of  cattle  from  contagious 
diseases  are  admittedly  quite  incomplete,  and  the  improvement  of  the  system 
of  registration  is  a  mitter  which  deserves  attention.  The  work  alreaily 
accomplished  at  ^lukteshwar  is  evidence  of  the  practical  results  that  may  be 
anticipated  from  similar  work  on  an  extended  scale.  It  has  already  resulted 
in  the  i>reparation  of  sera  for  rinderpest,  anthrax  and  hremorrhagic  septi- 
ccemia,  the  first  two  of  which  are  rapidly  coming  into  general  use,  no  less 
than  7.5, .333  animals  having  been  inoculated  in  the  past  year,  of  which  only 
373  died.  All  opposition  to  this  method  of  treatment  is  said  to  be  rapidly 
disappearing,  so  that  there  should  be  a  very  large  field  lor  its  extension. 

The  Government  Cattle  Farm  at  Hissar,  the  management  of  which  has 
been  placed  upon  a  more  efficient  footing,  is  doing  a  great  work  for  Northern 
India  in  the  breedini;  of  soo  1  bulls  for  sale  ami  distribution.  The  larore 
breeding  herd,  which  is  rapiilly  being  raised  to  the  highest  stanlanl,  produces 
stock  such  as  cannot  be  obtained  anywhere  else  in  India.  A  small  start  has 
also  been  made  in  establishing  in  other  parts  of  India  cattle  farms  for  the 
breedinii  and  rearing  of  bulls.  This  is  one  of  the  most  promisinf;  lines  of 
work  for  the  improvement  of  cattle,  but  it  must  bo  prosecuted  with  due 
juilgment,  for  success  at  one  farm  does  not  necessarily  mean  that  others  will  be 
similarly  successful.  Before  a  cattle  breeding  farm  is  started,  a  full  inquiry 
should  be  made  into  the  local  conditions  under  which  cattle  are  bred  and 
obtained.  Some  parts  of  India  are  entirely  unsuited  to  cattle  breeding, 
whilst  in  others  the  supply  of  good  bulls  is  already  sufficient  to  meet  the 
demand.  The  best  test  is  probably  whether  there  is  any  large  demand  for 
good  bulls,  which  a  Government  farm  could  meet.  At  the  present  time  there 
seems  some  danger  that  the  policy  of  starting  cattle  farms  may  be  pushed  to 
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undue  extremes.  The  cattle  survey  of  India  has  been  completed  in  the 
Punjab  and  Burma  only  ;  such  a  survey  should  be  insisted  upon  before  a 
cattle  breeding  farm  is  started  in  any  tract. 

There  has  been  a  considerable  increase  in  the  number  of  dispensaries 
and  of  the  number  of  cases  treated  at  them,  but  the  success  of  this  branch 
of  work  is  still  very  small.  The  average  daily  attendance  of  out-patients  is 
only  2^  patients  at  each  dispensary,  whilst  the  total  number  of  both  in-door 
and  out-door  patients  averages  only  957  a  year.  The  causes  of  the  unpopu- 
larity of  veterinary  dispensaries  seem  to  demand  inquiry. 

This  has  an  important  bearing  on  the  question  raised  at  the  last  meeting 
of  the  Board  of  Agriculture,  whether  the  staff  of  veterinary  assistants  can 
best  be  employed  at  fixed  dispensaries  or  on  peripatetic  work  in  the  district. 
There  can  be  no  doubt  that,  if  funds  are  available,  both  branches  of  work 
should  equally  be  carried  on,  but  with  a  limited  staff  it  would  seem  that  the 
general  body  of  agriculturists  would  derive  more  benefit  from  peripatetic 
work  than  from  stationary  dispensaries.  The  benefits  of  the  latter  are  mostly 
confined  to  the  population  of  the  towns  in  which  they  are  located,  the  large 
majority  of  animals  treated  being  the  property  of  a  few  well-to-do  European 
and  Indian  inhabitants.  This  leaves  the  great  bulk  of  the  agricultural  stock 
entirely  untouched  by  this  branch  of  the  work  of  the  department.  It  is  true 
that  veterinary  assistants  at  dispensaries  can  be  more  easily  supervised  than 
those  employed  on  peripatetic  duty,  but  the  remedy  for  this  is  a  larger 
supervising  staflp  and  better  trained  assistants.  So  long  as  the  subordinate  staff 
are  maintained  by  local  bodies,  district  councils  and  municipal  committees, 
their  wishes  must  be  considered,  and  as  the  members  are  'generally  residents 
of  towns,  their  interests  are  concerned  more  with  dispensaries  than  with 
peripatetic  work.  At  the  same  time,  we  hope  that  the  development  of  the 
department  will  not  take  the  form  of  the  establishment  of  additional  dis- 
pensaries, which  have  been  largely  a  failure  in  the  past.  The  treatment  of 
the  individual  sick  animal  is  a  matter  of  minor  importance  to  the  country 
compared  with  the  advantages  that  would  result  from  the  suppression  of  the 
disastrous  outbreaks  of  contagious  disease.  Indeed,  the  department  should 
contemplate  the  time  when,  at  least  in  the  large  towns,  the  treatment  of 
individual  sick  animals  may  be  left  to  private  })ractitioners  and  not  be  the  duty 
of  a  Government  department.  For  the  suppression  of  cattle  plagues,  develop- 
ment is  required  upon  other  lines  ;  first,  research  both  at  laboratories  and  in 
the  field,  and  second,  an  organization  for  the  introduction  into  general  use 
of  the  results  of  such  research.  This  orijanization  involves  the  concentration 
of  a  considerable  staff  at  the  localities  of  cattle-plague  outbreaks,  which  is 
impracticable  when  all  the  veterinary  assistants  are  stationed  at  dispensaries 
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and  arc  only  availaMc  for  service  in  the  district  under  the  Mianu;;enK'nt  of 
each  local  body.  Each  Superintendent  slionld  have  al  his  disposal  an 
adetjnatc  staff  of  assistants  for  employment  at  outbreaks  of  cattle  disease, 
wherever  they  may  occur  in  his  circle.  For  such  purposes  it  may  be  neces- 
sary to  provincialize  this  section  of  the  staff  insteail  of  omjdoyin^  them  under 
local  bodies.  When  not  eno;ao;ed  upon  the  suppression  of  cattle  diseases, 
this  establishment  could  l)e  utilized  in  makin<j[  cattle  survevs. 

Indeed,  the  energies  of  the  department  seem  at  present  to  be  devoted  too 
much  to  the  treatment  of  the  individual  sick  animal,  both  at  the  dispensary 
and  on  tour,  to  the  detriment  of  larger  and  more  important  duties.  We 
should  like  to  see  the  policy  of  the  department  framed  on  Itroader  lines. 
which  shouM  include  a  full  inquiry  in  each  tract  into  the  local  conditions  of 
cattle  breedino-  feedinii,  management  and  the  like.  Such  an  inciuirv  could 
hardly  fail  to  result  in  many  practical  suggestions  for  the  improvement  of 
the  cattle.  And  in  the  treatment  of  disease,  we  believe  that  more  good  will 
result  from  a  well-considered  plan  for  dealing  with  cattle  [)lagues  rather  than 
from  dispensaries   for  the  treatment  of  intlividual  sick  animals. — (F.  G.  S.) 

*   * 

RwrOKT    ON  THE  SUti.VK-CAXE  ExPERlMK.VT.s    IS    THE    LeEWAKD    IsLAXDS, 

Season  UiOi-Oo. — Although  in  India  new  varieties  of  sugar-cane  have 
never  been  raised  from  seed,  in  the  Leeward  Islands  the  ease  with 
which  the  cane  seed  germinates  makes  the  production  of  new  varieties 
of  cane  a  much  simpler  matter,  and  indeed  provides  the  planter  with  so 
many  new  varieties  that  he  has  not  so  much  to  be  encouraged  to  discard  the 
old  sorts,  as  warned  to  be  careful  what  he  will  select  to  take  their  place.  The 
Imperial  Department  of  Agriculture  for  the  W^est  Indies,  however,  supervise.s 
the  very  thorough  testing  which  these  numerous  seedlings  undergo,  firstly, 
before  they  are  grown  under  Held  conditions  at  all,  and  afterwards  when  they 
are  grown  as  a  field  crop  alongside  the  older  canes  under  the  same  condi- 
tions of  soil,  moisture,  tillage  and  manuring. 

The  report  on  sugar-canes  in  the  Leeward  Islands  for  U>04-0')  deals  with 
the  experimental  trial  on  a  field  scale  of  a  numl)er  of  selected  varieties  of 
sugar-cane,  with  a  view  to  providing  canes  for  cultivation  which  shall  be 
heavier  in  yield,  richer  in  juice  and  more  resistant  to  diseases  and  pests  than 
the  varieties  at  present  in  vogue.  The  experiments  are  conducted  at  various 
estates  in  the  islands  of  Antigua  and  St.  Kitts,  and  it  is  important  to  notice 
that  they  are  carried  out  bv  the  planters  themselves,  the  methods  of  cultiva- 
tion employed  l)eing  the  same  as  for  the  ordinary  cane  crop  of  each  estate. 
Since  ratooning  is  the  common  nractice  of  cane  cultivation  in  the  West 
Indies,  the  canes  are  kept  under  observation  for  as  long  a  period  as  possible. 
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Not  only  is  the  ratooning  quality  of  the  variety  thus  accurately  deter- 
mined, but  the  influence  of  season  may  be  noted  ;  some  canes,  for  instance 
were  better  able  to  withstand  the  dry  season  of  the  year  under  report,  and 
are  found  hijj;her  up  in  the  list  than  their  average  place  for  four  years,  wbile 
as  regards  others  the  converse  is  the  case.  The  highest  yield  of  sucrose  was 
from  the  cane  named  B,  156  which  produced  5,5781bs.  of  sucrose  per  acre 
as  the  mean  of  15  plots,  whilst  the  White  Transparent  (Caledonian  Queen) 
produced  only  4,2171bs.  sucrose  per  acre  ;  owing  to  the  dry  season  these  were 
considered  to  be  only  half  crops.  In  St.  Kitts,  White  Transparent  was  nearly 
the  best  at  every  station  where  it  was  grown,  with  an  average  yield  from  five 
stiitions  of  nearly  fe,0001bs.  sucrose  per  acre.  B.  208  did  better  than  White 
Transparent  on  the  average  results,  but  was  not  so  consistent. 

It  is  a  most  satisfactory  proof  of  the  progress  made  in  such  work  that 
out  of  nine  canes  introduced  in  1901-1902,  five  are  amongst  the  seven  re- 
commended by  these  experiments  as  reliable  canes,  thus  showing  the  value  of 
the  preliminary  trials  in  selecting  canes  worthy  of  consideration  by  the 
planter,  which  canes  by  the  experiments  above  recorded  are  quickly  introduced 
into  cultivation   and  oust  the  older  and  less  profitable  varieties. — (R.  C.  W.) 


* 


Report  on  Sisriculturr  in  Baroda.     By  N.  G.  Mukerjee,  m.a.,  m.r.a.o., 
F.H.A.is.,   Government  Press,  Baroda. 

Small  experiments  in  sericulture  at  Songadh  in  the  Tapti  Valley  of  the 
Baroda  State  having  given  promise  of  success,  the  Baroda  State  secured  the 
services  of  Mr.  N.  G.  Mukerjee,  Assistant  Director  of  Agriculture,  Bengal, 
for  a  period  of  three  months,  to  investigate  the  possibilities  of  the  introduction 
of  a  silk  industry  into  tlie  Baroda  State.  The  results  of  his  investigations 
are  given  in  this  report.  Mr.  Mukerjee  considers  that  the  climatic  condi- 
tions of  some  parts  of  the  south  of  the  Baroda  State,  notably  the  Naosari 
and  Amreli  districts,  are  quite  suitable  both  for  the  growth  of  mulberry  and 
for  the  rearing  of  silkworms.  The  report  lays  stress  upon  the  conditions  of 
temperature  necessary  for  the  successful  rearing  of  silkworms,  a  mean 
temperature  of  75°  F.  with  no  variations  between  the  limits  of  60°  and  90° 
in  the  rearing  house  being  stated  to  be  essential  to  the  production  of  the 
best  cocoons.  He  has  framed  a  scheme  for  the  introduction  of  a  silk 
industry  into  the  Baroda  State,  which  includes  the  establishment  of 
two  schools  at  Vivara  and  Songadh,  where  students  will  be  taught  the 
methods  of  both  silkworm  rearing  and  silk-reeling,  the  starting  of  mulberry 
plantations  for  the  distribution  of  young  plants,  the  publication  in  Gujerati 
of  a  manual  of  practical    instructions,    and    ultimately  the   establishment   of 
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ji  reeling  faclorv  on  a  large  scale  Given  suitable  conditions  and  a  supply 
of  mulberry,  \Yliicli  will  grow  well  in  most  parts  of  Baroda,  the  success  of 
the  industry  will  depend  upon  the  initiative  of  private  persons  in  rearinf^ 
cocoons  under  proper  conditions  and  also  upon  the  initiative  of  the  State 
in  providing  first  experienced  reelers  and  later  perhaps  a  steam  reeling 
factory.  I\Ir.  Mukerjec  deprecates  the  system  of  producing  coarse  silk  by 
reelers  whose  work  is  not  tested  and  who  are  not  under  supervision. 
Under  proper  management,  a  high  quality  of  silk  may  be  reeled,  which  will 
find  a  m:irket  in  India  and  Europe  and  realise  better  prices  than  would  the 
coarse  silk  used  only  in  Indian  silk  weaving  factories.  The  report  is  not 
quite  clear  as  to  course  which  the  author  would  recommend.  Two  schools 
and  the  trained  students  now  available  will,  apparently,  be  able  to  train 
additional  students  who  will  at  once  be  set  up  by  the  State  as  silk  rearers 
and  reelers.  There  is  some  possibility  that  a  steam  reeling  factory  may 
not  be  required,  and  the  author,  though  suggesting  the  factory,  is  of 
opinion  that  10)  to  150  trained  men  set  up  in  suitable  places  will  be 
sufficient  to  establish  the  industry  among  the  peojile.  In  the  event  of  this 
failin<T,  the  State  is  to  establish  a  steam  reelino;  factorv  and  buv  cocoons. 
Probably  the  officers  of  the  Baroda  State  have  a  clearer  idea  of  their  best 
course  of  procedure,  and  we  may  hope  to  see  some  line  of  action  actively 
prosecuted,  until  the  success  or  failure  of  the  industry  is  deaily  sliown. 
There  are  two  alternatives: — first,  to  train  men  in  rearing  only  and  rely  upon 
a  factorv  for  reelin^I ;  secon<llv,  to  train  men  both  in  rearing  ;ind  reelin<T 
with  the  object  of  encouraoin<T  a  cottaixe  industrv,  trustini:  to  expert  advice 
and  supervision  to  maintain  a  high  standard  of  reeling. 

]\Ir.  Mukerjee  recommends  the  cultivation  ol  mulberrv  trees  in 
preference  to  the  shrubs  at  present  grown  in  Bengal.  AVhilst  this 
recommendation  is  supported  by  mMiiy  arguments,  it  h:is  vet  to  be  j)roved 
bv  actual  experiment  that  the  jrrowth  of  trees  is  commerciallv  more 
profitabli-  than  the  system  universally  followed  in  Beniial  of  irrowinfT 
shrubs,  which  give  numerous  erops  of  leaves  from  heavy  jirur.ings.  ]\Ir. 
Mukerjee  has  also  made  a  change  in  the  Bengal  reeling  machine,  which  is 
claimed  to  be  a  great  improvement.  At  pre.sent,  a  second  person  is  required 
to  work  the  winding  wheel,  whilst  the  reeler  m:inipulates  the  cocoons  ;  but 
Mr.  IMukerjee  has  invented  a  pedal  arrangement  by  which  the  leeler  can 
also  work  the  winding  wheel.  No  figures  are  given  to  show  that  this  im- 
proved machine  has  been  tested  i)V  a  careful  trial  against  the  common  reelinor 
machine.  It  is  desirable  that  this  should  l)e  done  at  an  early  date  and  the 
results  published  for  general  information.  If  it  is  >ucces^ful,  it  will  be  an 
important  improvement  in  the  Bengal  industry. 
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The  introduction  of  a  new  industry,  requiring  the  minute  care  and 
attention  to  details  that  is  essential  to  success  in  silkworm  rearing,  is  a 
matter  of  great  difficulty,  but  the  prospects  in  Baroda  State  are  sufficiently 
favourable  to  justify  the  efforts. — (F.  G.   S.) 


* 


The  Cotton  Bollworm.     By  A.  L.  Quaintaneb  and  C.   T.    Brues. — 
U.S.A.  Department    of    Agriculture.   Bureau   of  Entomologn,  Bulletin    50. 

The  cosmopolitan  pest  known  as  the  Boll  worm  in  the  United  States 
forms  the  subject  of  an  elaborate  and  thorough  memoir,  worthy  of  the  fore- 
most Agricultural  Department  of  the  world.  In  India  this  pest  is  not  known 
to  attack  cotton,  though  it  eats  a  variety  of  plants  including  many  which 
it  attacks  in  the  States.  Cotton,  corn,  tomatoes  and  tobacco  are  its  chief 
food  plants  in  the  United  States,  and  the  loss  caused  by  this  pest  is  very 
large.  So  cosmopolitan  has  this  pest  become  that  it  is  impossible  even  to 
hazard  a  guess  at  its  original  home.  It  is  as  likely  to  be  a  native  of  India  as 
of  any  other  part  of  the  world,  and  it  is  so  at  home  in  all  quarters  of  the 
globe    that  it  has  peculiar  parasites  in  various  localities. 

The  methods  of  control  advocated  in  the  bulletin  are  mainly  based  on 
changes  in  farm  practice  so  as  to  circumvent  the  insect.  These  measures  are 
based  upon  a  close  study  of  local  conditions  and  are  not  of  universal  appli- 
cation. The  principle  is  the  same  everywhere,  but  its  application  depends 
for  success  upon  a  high  standard  of  intelligence  in  those  who  are  to  practise 
such  measures. 

In  addition,  the  use  of  trap  crops  is  advocated,  as  well  as  the  application 
of  arsenical  poisons.  The  latter  is  probably  equally  efficacious  against  the 
bollworms  of  Indian  cotton  (Earias  fahia  and  E.  Insulana).  It  is  disappoint- 
ing to  find  that  no  new  methods,  no  new  principles  of  control  are  elaborated 
by  the  painstaking  work  of  the  authors  of  this  bulletin,  and  the  conclusion 
may  not  unjustly  be  arrived  at  that  only  by  study  from  new  points  of  view 
will  any  progress  now  be  made. — (H.  M.-L.) 


*   * 
* 


The  Mexican  Cotton  Boll   Weevil.      By  W.   D.   Hunter   and   W.   E. 

Hinds. —  i\   S.  ^1.     Department  of  Agriculture.  Bureau  of  Entomologi/, 

Bulletin  51. 

This  bulletin  of  over  one  hundred  and  sixty  pages,  an  amplification  of 
a  previous  bulletin,  is  published  at  the  instance  of  Congress.  It  is  a  very 
detailed  account  of  all  that  is  known  about  the  Mexican  Cotton  Boll  Weevil 
up  to  the  close  of  1904,  presumablj'  as  a  source  of  information  for  Entomolo- 
gists and  all  who  are  interested  in  this  pest.  As  an  instance  of  a  detailed 
study  of  a  very  important  insect,  the  bulletin  is  admirable  ;  the  most  intimate 
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"letailsi  of  the  life ot"  the  insect  are  di^ioiissed.  Apparently  even  this  minute 
stmlv  of  the  pest  has  not  led  to  tlie  discovery  of  any  new  principles  in 
methods  of  treatment,  and  we  may  hope  that  the  extremely  elaborate  work 
that  is  beinc  done  in  the  United  States  will  iiltimatelv  be  thorou<;hlv  assimi- 
lated  and  aj^plied  by  the  Entomolojrist  or  one  of  his  statf'.  The  present 
workers  have  cvidentlv  become  so  absorlx'fl  in  iletail  that  the  main  issues 
hardlv  appear. 

The  Mexican  Boll  Weevil  is  notorious  owino  to  the  short  period  occu- 
pied in  establishing  itself  as  the  most  serious  pest  of  cotton  in  the  New  ^VorId. 
The  damaoje  caused  bv  it  in  U>04  is  estimated  at  six  and  a  half  crores  of 
rupees  (.S^^,000,00()).  and  it  has  steadily  increased  in  destructiveness  duriii;: 
the  jiast  five  years. 

It  may  be  hoped  that  this  insect  will  never  spread  outside  the  New  World. 
It  is  now  known  from  the  United  States,  Cuba.  Mexico  and  Guatemala. 
There  is  a  verv  evident  danger  that  the  insect  mav  be  carried  over  tlie 
world  in  cotton  seed,  the  result  of  which  may  be  simply  appalling.  If  its 
destructiveness  is  so  great  in  the  United  States  where  it  has  some  enemies, 
it  would  be  far  greater  in  Egypt,  East  Africa  or  India  where  its  enemies  will 
i)e  non-existent. — (H.  ^I.-L.) 

*  * 

TWKNTV-THIKD    REPORT  OF  THE  StATE  EnTOMOLOGI>T.  ILLINOIS,   U.  S.  A.       .1 

Afonorfraph   of'  Insects   lnJ7(rioii.<  to  Indian  Cum.      Part   II. 

In  this  volume,  Mr.  S.  A.  Forbes  reviews  the  insects  which  live  ujton 
tbe  maize  plant,  including  not  only  those  which  seriously  atfect  the  plant,  but 
also  the  minor  and  unimportant  pests.  The  author  has  in  fact  ])repared  a 
monograph  of  the  insect  fauna  of  the  maize  ])lant,  so  that  a  large  number  of 
insects  are  discussed. 

Under  "Insects  Injurious  to  tbe  plant  above  ground"'  sixteen  "cut 
worms  "'  (surface  caterpillars)  are  included,  including  tlie  common  Indian 
species,  A</rotls  i/p.'iilon.  The  worul-wide  Army  worm  (C/rphis  K/tf/nincta. 
Haw.)  is  another  insect  common  in  India,  wliieli  is  here  stated  to  be  "one  of 
the  I. lost  destructive  of  the  insect  pests  of  American  Agriculture."  Another 
widespread  j)est  is  the  Corn  worm  ((  hJorldrn  nhso/ffa,  F.),  better  known 
as  the  American  bolhvorm  of  cotton  :  of  fbi«:  the  author  states  that  "'the 
mastery  of  this  pest  in  the  corn  tiebl  is  still  an  unsolverl  problem.**  This  is 
the  caterpillar  found  so  abundantly  in  India  on  gram,  and  which  was  widely 
destructive  to  this  crop  during  the  past  cold  weather. 

The  author  also  deals  with  the  root  webworms,  the  burrowing  webworms, 
the  stalk  borer,  the  corn  bill  bugs,  the  chinch  bngs  and  several  species  of 
grasshopper,  making  up  a  large  total  of  insects  of  major  importance  injurious 
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to  the  crop  above  ground.  If  we  add  the  insects  injurious  to  the  plant  below 
orround  (discussed  in  Part  I.),  the  enemies  of  this  crop  become  very  numerous. 
Since  the  volume  deals  with  the  fauna  of  one  State  alone,  it  becomes  evident 
that  the  magnitude  of  the  work  amply  justifies  the  great  attention  paid  to 
nomic  entomology  in  the  United  States. 

In  dealing  with  the  less  important  species,  the  author  mentions  a  further 
formidable  list  of  species.  There  are  no  species  in  this  list  which  are  also 
common  to  India,  but  there  are  what  may  be  called  equivalent  species,  ie.'t 
species  which  are  extremely  closely  related  and  which  work  in  the  same  man- 
ner in  both  localities.  The  Indian  mothborer  (Chtlo  simplex)  has  its  counter- 
part in  the  American  stalk  borer  {Diatroea  saccltaralis)  ;  the  hairy  caterpil- 
lars of  India  (Diacrisia  and  Amsacla)  are  represented  by  the  ''  Wooly  Bears  ;" 
the  flower  beetle  of  the  East  (Chiloloba  acuta)  is  similar  to  the  flower  beetles 
and  green  June  beetles  {iLiiplwr'ia.  and  Allorlilna)  of  this  report;  Blister 
beetles  occur  in  both  localities  as  do  the  plant  bugs  ;  the  maize  Fly  (DelphaiC 
pstjUoidis)  of  India  dififers  little  from  the  corn  Delj)hMX  {^Delphax  maidls)  of 
Illinois,  and  so  on.  We  do  not  yet  know  all  the  Indian  pests  of  maize, 
but  it  seems  certain  that  the  number  cannot  equal  half  that  mentioned  by 
Mr.  Forbes. 

In  another  group,  the  author  discusses  a  very  long  list  of  insects 
"  whose  presence  is  not  merely  accidental  but  which  do  not  injure  the  corn 
plant  in  any  way  to  give  them  any  appreciable  economic  importance."  This 
section  of  the  report  is  of  extreme  interest  as  showing  what  a  large  fauna 
gathsrs  in  a  wildly-grown  plant  such  as  maize,  and  how  varied  is  the  insect 
life  which  lives  in  connection  with  such  a  plant. 

Mr,  Forbes'  report  is  an  example  of  the  work  that  should  be  done  in 
India,  the  detailed  and  prolonged  investigation  of  the  enemies  of  a  single 
important  foodi)lant  by  an  observer  who  can  give  his  attention  to  this  parti- 
cular research  alone.  The  report  is  admirably  illustrated,  the  excellent 
coloured  plates  adding  much  to  its  usefulness. — (H.   M.-L.) 


*  Ameuican  Insects.     By  Vernon  L.    Kelloggy. 

This  general  text-book  on  Entomology  appeared  in  1905  and  is  the  most 
recent  of  the  series  of  volumes  that  have  from  time  to  time  condensed  into  a 
small  compass  a  general  view  of  the  enormously  variable  insect  world.  Putting 
aside  the  complex  system  of  classification,  the  volume  is  a  readable  and 
trustworthy  account  of  the  main  activities  of  the  insect  world  of  the  Ameri- 
can continent.     As  is  usual  in  an  American  volume,  the  system  of   classifica- 

*  A  continuation  of  the  reviews  on  pp.  178-133  of  this  volume. 
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tion  differs  so  much  from  that  in  general  use  in  such  volumes  as  Sharp's 
"Insects"  that  the  student  is  likely  to  be  confused.  In  other  respects  the 
volume  is  one  that  should  be  of  special  value  in  the  hands  of  students 
of  entomology  in  India,  the  bionomics  of  insects  being  very  prominently 
kept  in  view.  No  single  volume  can  do  more  than  give  a  general  picture 
of  some  part  of  the  activities  of  the  insect  world,  and  the  author  gives 
a  readable  account  of  the  living  activities  of  a  very  representative  number 
of  the  insects  of  the  American  continent.  The  chapters  on  "  Insects  and 
Flowers,"  "  Insects  and  Diseases,"  and  "  Colour  and  Pattern  and  their 
Uses  "  are  excellent,  and  apply  as  closely  to  India  as  to  other  parts  of 
the  globe.  The  keys  to  the  sub-divisions  and  the  systematic  entomology 
generally  are  best  passed  by,  as  they  are  naturally  totally  inapplicable  to  a 
tropical  and  oriental  fauna  such  as  that  of  India.  As  a  reference  book 
to  tiie  habits  of  a  family,  as  an  eminently  readable  review  of  the  activities 
of  the  insect  world  at  large,  the  book  is  worthy  of  a  place,  with  those 
reviewed  in  earlier  pages  of  this  journal,  on    the   shelves  of  an    Agricultural 

College  library.— (EI.  M.-L.) 

» 
«   » 

Annual  Report  of  thk  Indian  Section  of  the  Imperial  Institute 

FOR  1904-05. 

This  report  gives  an  account  of  the  work  done  for  India  at  the 
Imperial  Institute  during  the  past  year.  Investigations  have  been  made 
to  determine  the  composition  and  commercial  value  of  manganese  ores, 
pottery  clays  and  laterites,  and  the  constituents  of  a  large  number  of  Indian 
coals  have  been  determined.  The  investigation  of  the  tanning  materials  of  the 
barks  of  two  common  forest  trees — SJiorea  robusta  and  TerminaUa  tomentosa — 
resulted  in  working  out  a  process  by  means  of  which  an  extract  may  be 
prepared  from  these  barks  which  produces  satisfactory  leather  ;  this  may 
prove  a  matter  of  considerable  importance,  if  the  process  can  be  worked 
on  a  commercial  scale  in  India.  Numerous  reports  were  furnished  on  samples 
of  Indian  fibres  and  rubbers.  An  India  Trade  Enquiiy  Othce  has  been 
openeil  at  73,  Basinghall  Street,  in  the  heart  of  the  City  of  London,  where 
anv  person  can  obtain  information  on  Indian  trade  and  commercial  matters. 
The  rearrangement  of  the  Indian  collections  at  the  Imperial  Institute  is 
in  progress,  but  much  remains  to  be  done  to  render  the  exhibits 
representative  of  the  important  resources  of  the  Indian  Empire.  A  special 
Cotton  Exhibition  has  been  arranged  to  illustrate  the  progress  which  is 
being  made  in  the  growth  of  cotton  in  the  British  Colonies  and  Depen- 
dencies   and  to   exemplify  the   commercial   uses  of  cotton      It  is  hoped  to 
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improve  and  increase  the  samples  representing  the    various  types  of  Indian 


cotton  and  the  fabrics  made  from  them. — (F.  G.  S, 


*   « 


History  and  Development  ov  Agriculturk  in  the  Malay  Pkninsula. 
By  H.  N.  Ridley,  m.a.,  f.l.s.,  Director  of  Botanic  Gardens,  S.  S. 
(Agri.  Bull..  Vol.  lY,  No.  8.) 

Agriculturists,  who  are  sometimes  sceptical  as  to  the  practical  value 
of  the  work  carried  on  by  Botanic  Gardens,  would  do  well  to  read 
Mr.  Ridley's  able  article.  In  a  recent  report  on  the  Agriculture  of  the  Malay 
States,  Mr.  Ridley  considers  that  sufficient  credit  was  not  given  to  the  work 
done  by  the  Botanic  Gardens  in  Singapore.  He  has,  therefore,  been  at 
pains  not  only  to  trace  the  general  history  of  Malayan  Agriculture,  but 
also  the  individual  history  of  all  the  crop  plants  grown  now  or  formerly  in 
the  Peninsula. 

Mr.  Ridley  lays  emphasis  on  tiie  important  fact,  which  those  who 
decry  or  fail  to  appreciate  this  kind  of  work  would  do  well  to  bear  in  mind, 
that  the  lessons  taught  by  such  institutions  must  be  negative  as  well  as 
positive  ;  to  quote  his  own  words,  "  the  knowledge  that  a  plant  of  economic 
importance  will  not  thrive  in  this  country,  is  of  nearly  as  much  importance 
as  the  knowledge  that  it  will  prove  successful."  Dealing  then  with  this 
one  side  of  the  work  of  a  Botanic  Garden,  namely,  the  introduction? 
testing  and  distribution  of  exotic  plants  likely  to  prove  useful  in  general 
cultivation,  Mr.  Ridley  shows  what  has  been  done  in  the  case  of  the 
Malayan  Peninsula. 

Though  scraps  of  information  may  be  gathered  from  scattered  sources 
about  the  agriculture  of  Malay  under  Portuguese  and  Dutch  administration^ 
it  was  not  until  the  appointment  of  Christopher  Smith  to  the  Botanic 
Gardens  of  Penang  at  the  beginning  of  the  last  century  that  we  find  any 
really  systematic  work  was  done.  From  then  until  the  appointment  of 
Mr.  Menfcon  in  1875  to  the  Singapore  Botanic  Gardens,  the  history  of 
Malayan  agri-horticulture  is  a  disheartening  one.  Sir  Stamford  Raffles 
founded  two  Botanic  Gardens,  one  at  Ayer  Hitamin  Penang  in  1822,  and  one 
at  Singapore  in  1823,  but  with  his  retirement  progress  began  to  dwindle. 
Since  Mr.  Menton's  appointment,  however,  progress  has  been  rapid,  and 
the  Peninsula  is  now  in  possession  of  two  well-organized  institutions  at 
Singapore  and  at  Penang. 

The  value  of  the  work  done  by  these  institutions,  in  introducing  exotic 
plants  to  the  notice  of  the  planters,  can  scarcely  be  overestimated  in  a 
country  where  the  system  of  agriculture    is  such  as    we   find    carried  on  in 
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^lalay.  whert'  one  croji  at  a  time  is  thrown  to  the  almost  complete  exclusion 
of  all  others  :  tor  it"  at  any  time  it  i-  found  that  the  crop  under  cultivation 
ceases  to  he  remunerative,  it  is  of  the  utmost  importance  that  nu  time  should 
be  lost  in  replacing  it  with  thoroughly  acclimatised  and  healthy  specimens 
of  some  other  crop.  This  may  he  looked  upon  as  a  special  branch  of  the 
work  of  a  Botanic  (iarden. 

It  mav  be  well  to  call  attention  to  an  important  economic  princii)le 
which  is  well  exemplified  in  the  history  of  these  States.  For  <'ach  crop  of 
economic  importance  there  is  probal)ly  a  locality  where  from  comlitions  of 
soil  and  climate  it  may  be  grown  most  profitably  ;  until  this  is  ascertained, 
other  localities  may  at  first  grow  it  at  a  profit,  but  sooner  or  later  the  ])rice 
will  fall  until  a  level  is  reached  at  which  none  but  the  most  favoured  locality 
can  afford  to  grow  it.  Such  was  the  case  with  Liberian  Coffee,  which  dropped 
out  of  cultivation  in  the  Malayan  States  when  the  vast  output  from  Brazil 
caused  the  price  to  fall  below  a  rate  remunerative  in  Malay. 

]\Ir.  liidley  ha<  called  attention  to  the  fact  that  the  European  planter  and 
the  native  planter  seldom  cultivate  the  same  crops.  The  European  usually 
grows  exotic  plants  and  is  seldom  successful  with  the  plants  cultivated  by  the 
natives,  while  the  latter  seem  to  be  too  conservative  to  adopt  new  crops. 

For  the  main  object  of  this  article.  ]Mr.  llidley  has  succeeded  in  writing 
a  most  able  justification  of  the  Singapore  and  Penang  Botanic  Gardens  : 
and  as  an  apology,  using  the  word  in  its  classical  sense,  for  the  general 
system  of  scientific   Agri-Horticulture,    the   lessons   to   be  drawn    therefrom 

are  far-reaching  in  their  application. — (R.  C  W.) 

» 
«   * 

TnK  Fermext.\tion  of  Tea,  Part  1.     By  Harold  H.   Man.v,    d.sc,  Indian 

Tea  A.isociation,  Calcutta. 

We  welcome  this  very  interesting  pamphlet  as  an  addition  to  the 
author's  previously  published  works  on  the  ferment  of  the  tea  leaf  (The 
Ferment  of  the  Tea  Leaf,  Part  I  (IDOl),  Part  U  (11108),  Part  111  (li'Ol), 
Indian  Tea  Association,  Calcutta).  In  his  earlier  pul)lications  Dr.  Mann 
ha>!  shown  that  the  changes  which  take  place  in  the  tea  leaf  during  the 
manufacture  of  finished  tea  are  mainly,  if  not  entirely,  brought  about  by  the 
action  of  an  oxidising  enzyme  on  the  other  constituents  of  the  leaf,  that  this 
enzvme  is  developed  during  the  withering  process,  and  that  bacteria  plav 
no  useful  part  in  the  operations  and  should  be  excluded  as  far  as  possible. 
In  the  present  pami)hlet  the  nature  of  the  chemical  changes  taking  place 
during  the  process  is  dealt  with,  and  a  somewhat  complex  subject  disposed 
of  in  the  same  popular  and  practical  manner  which  has  characterised  the 
author's  former  work. 
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It  is  pointed  out  that,  so  fai-  as  is  jet  known,  only  three  constituents  of 
the  tea  leaf  go  to  determine  its  value — the  essential  oil,  the  caffeine,  and 
the  tannin.  The  first  two  of  these  substances  are  speedily  dismissed  since  it 
seems  that  the  essential  oil  is  a  little  known  hody,  and  the  caffeine,  though 
perhaps  of  medical  interest,  is  of  little  consequence  in  determining  the  trade 
value  of  a  tea.  The  tannin  is  of  more  importance.  Dr.  Mann  gives 
figures  to  show  that  the  value  of  a  tea  may  be  directly  traced  to  its  contents 
of  this  constituent,  since  on  it  depend  to  a  very  large  extent  the  pungency, 
the  colour  and  the  total  dissolved  matter  of  the  liquor  obtained  on  infusion- 
The  pungency  would  seem  to  be  conditioned  mainly  by  unfermented  tannin, 
the  colour  by  fermented  tannin,  and  the  total  soluble  matter  by  both  together. 
It,  therefore,  becomes  of  prime  importance  to  trace  the  progress  of  the  changes 
which  take  place  in  the  tannin  during  the  fermentation  process,  so  that  it  may 
be  rec^ulated  in  such  a  manner  as  to  produce  a  tea  containing  the  most  desirable 
quantity  of  this  substance  in  the  fermented  and  unfermented  forms. 

In  order  to  do  this.  Dr.  Mann  has  carried  out  a  very  careful  series  of 
experiments  in  withering  and  fermenting  teas  under  varying  conditions, 
estimating  the  total  sohible  matter  and  soluble  tannin  produced  in  each  case. 
In  connection  with  withering,  it  is  found  that  both  the  total  soluble  matter 
and  the  soluble  tannin  continue  to  increase  in  quantity  during  the  process' 
provided  the  leaf  is  kept  moist  and  that  no  fixed  maximum  point  is  arrived 
at,  as  was  found  to  be  the  case  in  the  development  of  the  enzyme.  If  the 
leaf  is  allowed  to  dry  up,  however,  a  reduction  in  the  total  soluble  matter 
immediately  takes  place  owing  to  oxidation  of  the  tannin.  Dr.  Mann  draws 
attention  to  the  necessity  which  this  indicates  of  avoidino-  bruising  or  break- 
ing  the  leaf  before  and  during  spreading  in  the  withering  house,  since, 
if  this  occurs,  drying  up  will  result  around  the  wounds  and  a  tea  of  reduced 
value  be  produced. 

During  the  fermentation  process,  the  tannin  and  the  total  soluble  matter 
are  found  steadily  to  decrease  until  a  fixed  minimum  is  eventually  arrived  at. 
The  rate  of  change  is  found  to  be  considerably  influenced  by  the  temperature 
at  which  the  operation  is  conducted,  as  well  as,  of  course,  by  the  heaviness  of 
the  rolling  to  which  the  leaf  is  subjected  before  fermentation,  since  thereon 
depends  the  amount  of  ferment  and  fermentable  substance  which  are  brought 
into  contact  with  one  another.  It  is  shown  that  with  a  normally  rolled  leaf, 
the  fermentation  is  complete  (that  is  to  say  the  soluble  constituents 
have  reached  a  minimum)  in  between  five  and  six  hours  at  80°F.,  which  has 
been  found  to  be  the  optimum  temperature  at  which  to  conduct  the  process. 

Like  other  investigators  into  industrial  fermentation  processes.  Dr.  Maun 
was  led  away  by  the  fascinating  idea  of  conducting  his  fermentation   at  a 
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hiifluM-  temperature  than  is  usually  eniployed,  so  as  to  hasten  the  process 
and,  it'  possible,  render  it  continuous  ;  but,  ai^ain,  like  other  investigators, 
he  was  doomed  to  disappointment.  It  was  found  that  at  a  temperature  very 
slightly  higher  than  the  optimum,  secondary  actions  come  into  play,  and 
dark  brown  undesirable  proilucts  are  formed  due  to  superoxidation.  The 
conclusion  is,  therefore,  drawn  that  the  fermentation  should  never  be  con- 
ducted at  a  temperature  above  )^2°F..  and,  as  an  outcome  of  this,  useful 
practical  information  is  given  as  to  the  necessity  for  thin  spreading  in  the 
fermenting  house,  and  quick  tiring  at  the  conclusion  of  the  process.  It  is 
further  concluded  that  in  all  "the  plains  districts  of  North-East  India  the 
idea  of  fermenting  in  the  factory  itself  must  be  given  up,"  since  it  seems 
hartllv  possible  to  ferment  at  the  necessary  low  temperature  in  any  practi- 
cable manner.  Several  useful  hints  are  given  on  the  construction  of  ferment- 
ing houses  so  as  to  attain  the  three  main  conditions  which  have  been  found 
desirable,  viz.  : — (1)  the  maintenance  of  a  tem[)erature  of  y2°F.,  or  below  ; 
(2)  the  })roduction  of  a  saturated  atmosphere  ;  and  (8)  the  provision  of 
conditions  as  free  as  possible  from  injurious  microbes,  in  other  words,  of 
extreme   cleanliness. 

Some  interesting  observations  on  the  eflfect  of  light  of  various  colours 
on  the  fermentation  process  are  recorded.  Doubt  appears  to  exist  as  to 
the  most  desirable  metliod  of  lighting  the  fermenting  house,  and  windows  of 
various  colours  have  been  adopted  by  many  planters,  whilst,  in  some  cases, 
windows  are  excluded  almost  entirely.  Asa  result  of  his  experiments,  Dr. 
Maun  concludes  that  the  fermentation  is  retarded  by  blue  light,  but  that 
white,  red,  and  yellow  lights  arc  without;  effect  on  the  rapiditv  of  the 
process,  whilst  the  ultimate  result  is  the  same  in  every  case  provided  direct 
liunlight  and  glare  are  avoided.  So  far  as  we  are  aware,  this  is  the  first  case 
in  which  the  effect  of  illumination  on  enzyme  action  has  been  studied.  The 
subject  seems  worthy  of  further  investigation  which  may  lead  to  valuable 
applications  to  other  fermentation  industries  ;  useful  information  miwht 
perhaps  be  obtained,  for  instance,  on  the  lighting  of  malting  houses. 

On  this  subject,  as  on  several  others  with  which  he  deals,  one  cannot  but 
regret  that  Dr.  Mann  has  not  had  the  opportunity  to  give  us  some  more  exact 
scientific  data.  As  a  practical  guide  to  tea  planters,  and  as  affording  scien- 
tific explanations  of  many  of  their  well  recognised  practices,  the  jiamphlet 
before  us  is  a  model  of  what  it  should  be,  and  doubtless  it  is  ri^jit  that  it 
should  be  written  with  these  objects  primarily  in  view  ;  but  there  are  several 
points  on  which  we  would  welcome  more  detailed  information,  nor.  only  as 
assisting  us  to  understand  more  fully  the  subject  under  discussion,  but  as 
enabling  us  to  argue  more  readily  from   the  case  of  tea  to  that  or"  similar 
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.      •     .       o  r^.uhU  arasn  how  the  explanation  given 
p.„We,«s.     We  cannot  for  .nsta„.^^e^^^^^^^^  P^  ^^^ 

by  Dr.  Mann  on  page  • .  ""^^^  "P""    ^^^^^  „f  t,,  i,  ^  gl«oosi<le,  it  would 
fitsinwithhisobservat.ons,    o..t  thete  ^  ^^.^^   ^^^^^^   ^^^ 

,eem  essential  that  a  '-y^^'y^'^Tn  hardly  account  for  this,  though 
separation  of  the  sugar  ;  mere  ox.dat,  n      n  ha     y     ^^^^^  ^  ^^^^^_^^,^^  ^^ 

it  may  be.  and  evident  y.s,  a  seconda, y^ ^-^^^^  ^^  ^^  ^^^^  ^.  ^^^  ^^  p,^^, 
the  "  many  expenments  ^.^^^  ^^  ^^^^  3„,„,  e^per.- 

t„  detail"  -»^,*-P';';'''^M,„t-s  Itatement  that  the  tannin  of  tea  is 
cental  verificat>on  of  ^':  ^^^^'  ,^^^^  and  some  details  of  his  method 
peculiar  in  not  being  precp.tated  by  gelato  ^^^^  ^_^^.^^  ^.^^^_,_ 

L  determining  the  carbon.o  ac  d  g'^'  J't'^^      ^^„  interesting. 

i„„  .eferred  to  ^^^irral  ^^  o    muX  fl  a  report  designed  to  edify, 

But  we  are,  doubtless,  aswng  Association.     We  can  only 

and  not  to  terrify,  the  members  of  the  Ind,an  lea  .^  ^_^^.^  ^^  p_,_ 

hope  that  a  scientiac  officer  m  -J"   ^  »    JTn  some  scientific  journal  an 
,  Mann,  will  see  fit  at  some  future  d-'e  to    «W.  ^^^  ^^  ^.^  ^^,,^^_ 

account  of  the  scientific  deta.ls  ot  h.s  work 


workers. — (C.  B.) 
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